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(54) Heat resistant reflecting layer 

(57) A heat-resistant reflecting layer includes Ag as 
a main component, a 0.1-3.0 wt% first element selected 
from the group consisting of Au, Pd. and Ru, a 0.1-3.0 
wt% second element selected from the group consisting 
of Cu. Ti, Or, Ta, Mo. Ni. Al. Nb. Au. Pd. and Ru. The 
second element is different from the first element. The 
reflecting layer maintains the high optical reflection in- 
dex of Ag. The reflecive layer has improved material sta- 
bility and is stable when exposed to alkaline organic ma- 
terials. The reflecting layer can be used as a reflector 
and a reflective wiring electrode for a liquid crystal dis- 
play device, and as building glass for reflecting heat rays 
or infrared rays. 
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Description 

[0001] The present invention relates to a highly heat-resistant reflecting layer, which is used for producing a reflector 
or a reflective wiring electrode of a liquid crystal display device, a reflecting layer for building glass, a laminate, or a 
5 liquid crystal display device. More particularly, the present invention relates to an Ag-alloy refl cting layer that has a 
high reflection index, a laminate formed by the reflecting layer, and a liquid crystal display device having the reflecting 
layer or the laminate. 

[0002] Various materials are used for reflecting layers including a reflecting layer for producing a reflector or a re- 
flecting wiring electrode of a liquid crystal display device and a reflecting layer for building glass that reflects infrared 
fo rays and heat rays. In addition, laminates of the reflecting layers are developed to Increase the reflection index and to 
improve the functionality of the products. The products of the reflecting layers, which have improved characteristics, 
have been used in various flelds and for various applications. 

[0003] Typical materials for the reflecting layers are Al, an Al alloy that includes Al as its main component, Ag, an 
Ag alloy that includes Ag as its main component (such as Ag-Pd). and an Au alloy. The reflecting layers formed of such 
'5 materials have high reflection index in the optical wavelength regions from 400 to 4000 nm, which include both visible 
and infrared regions. 

[0004] Al has high reflection index and is very inexpensive and useful. Al and an Al alloy are usually used for the 
reflector and the reflective wiring electrode of reflection-type liquid crystal display devices. Such liquid crystal display 
devices are used for portable terminal devices such as cellular phones. When an Al alloy is used, problems associated 
?o with pure Al such as irregularities in the layer, which are called hillocks, and deterioration of the face of the reflector 
and the reflective wiring electrode can be overcome. When the reflection index of the reflector and the reflective wiring 
electrode is high, the electric power sent to the light source is reduced and the illuminance of the liquid crystal display 
device increases by about 20 %. 

[0005] Ag has the highest reflection index among many metal elements in the optical wavelength regions from 400 

25 to 4000 nm. Therefore, Ag has good characteristics for a reflecting layer. 

[0006] Among visible rays, infrared rays, and ultraviolet rays that are emitted from the sun, Al. Al alloy, Ag, and Ag 
alloy transmit the visible rays and reflect the infrared rays and heat rays. The visible rays have direct relation with 
lighting. The reflection of the infrared rays and the heat rays is effective to prevent the outside rays from coming into 
a room. Therefore, the above materials are used for building glass such as windowpanes. 

30 [0007] However, conventional reflecting layers formed of Al, Al alloy, Ag. Ag alloy including Ag-Pd, Au, Au alloy, and 
reflectors, reflective wiring electrodes, and building glass that are formed of the reflecting layers have the following 
problems. 

[0008] Al and an Al iailoy are chemically unstable. A liquid resist, which is made of organic material, is applied to the 
Al layer or the Al alloy layer, and a pattern is formed on the layer. When the patterned layer is washed with an alkali 
35 solution to remove the resist, the surface of the layer may become rough and lowering of the reflection index or scattering 
of the light on the surface may occur. In addition, Al may react with gas generated from a resin substrate when used 
with a resin substrate such as PMMA (polymethyl methacrylate) and silicone. Al can be used only with substrates that 
generate little gas and thus limits materials available for the substrates. There is a problem of chemical stability in Al- 
containing reflecting layers and resin substrates when they contact each other in use. 

[0009] Al and Al alloy have greater optical absorptivity than Ag and Ag alloy. Therefore, semi-transmlssive reflecting 
layer formed of Al and Al alloy suffers optical loss. 

[0010] Al, an Al alloy, Ag, and an Ag alloy have poor heat resistance. Diffusion of atoms is likely to occur on the 
surface of a reflecting layer formed of such materials in given temperatures. Particularly, Ag has high self-diffusion 
energy for heat and it changes over time when heat is applied. When heat causes the temperature of the reflecting 

fs layer to rise to about 100 °C, even tf temporarily, diffusion of atoms will occur on the surface of the layer and the layer 
will lose luster and become dull. In other words, Ag's characteristic feature of high reflection index is impaired. Therefore, 
it is necessary to limit the temperature during the manufacturing process of a reflector for a liquid crystal display device 
when it is formed of Al or Ag. Further, an Al or Ag reflecting layer for building glass is thermally instable and chemically 
varies (e.g. changes in color) when exposed the warm air in summer, 

50 [001 1] Ai, Al alloy, Ag, and Ag alloy vary greatly over time with heat so that such materials cannot be exposed directly 
to air. Therefore, to ensure material stability of the reflecting layer, a heat-resistant protective layer such as Zn02 or a 
Zn02-Ai203 composite oxide is generally needed. 

[001 2] The reflecting layers formed of Al, Al alloy, Ag, and an alloy have very poor adhesion toward some substrates. 
In such combinations, the reflecting layer separates from the substrate immediately after it is deposited or after it is 
55 left on the substrate for a long time. To improve adhesion between the reflecting layer and the substrate, various base 
films must be positioned between them. 

[001 3] The reflection index of Ag or Ag alloy is the high st in visible regions. I.e., the optical wavelength regions from 
400 to 800 nm. However, in the wavelength regions below 450 nm, the absorptivity and absorption coeffldent of Ag 
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increase and the intensity of yellow reflected light is increased. Accordingly, a liquid crystal display device formed by 
a Ag-containing reflecting layer and a portable terminal device including the liquid crystal display device have a poor 
appearance and becom y How over time. 

[0014] Further, Ag is not superior in weather resistance. When left in the air, Ag absorbs moisture (especially water) 
5 in the air and tums yellow. Long after an Ag-containing reflecting layer is form d on the glass substrate or the resin 
substrat , Ag's characteristic feature of high reflection Index is impared. 

[0015] An Ag-Pd alloy including Ag and 1-3 wt% Pd, an Ag-Au alloy including Ag and 1-10 wt% Au. and an Ag-Ru 
alloy including Ag and 1-10 wt% Ru are well known as binary Ag alloys that have high corrosion resistance and high 
heat resistance. However, black stains are observed even In the alloy layers formed of these Ag alloys when a weath- 
10 erproof test Is conducted under high temperature and high humidity conditions. It is comfirmed under an optical micro- 
scope that the black stains are portions that turned black and were caused to protrude after Pd reached a limitation of 
solid solution with respect to H2 dissolution. When used as building glass, the above binary alloy lacks long-term stability 
in humid regions or when exposed to condensation droplets. 

[0016] Ag-Au alloy is well known as a stable alloy in which Ag and Au are perfectly mixed in solid states. The resist- 
fs ance of the Ag-Au alloy to halogen elements such as chlorine is not excellent. The Ag-Au alloy binds to chlorine or 

iodine in the air, which is Introduced during the test, at atomic level, and produces the black stains. 

[0017] Aside from Al and Ag, Au is also known for its high reflection index. However, Au is very expensive and 

impractical to use for the reflector of a liquid crystal display device or the reflecting layer for building glass. 

[001 8] It is an object of the present invention to provide a reflecting layer that maintains a high optical reflection index, 
20 which is characteristic of Ag, and has improved material stability including heat resistance and weather resistance. 

[0019] It is another object of the present invention to provide a laminate including a coating layer that allows the 

laminate to maintain the high optical reflection index of an Ag-containing reflecting layer and to have lower absorptivity 

at short wavelengths. 

[0020] It is yet another object of the present invention to provide a laminate including a base film that enhances 
25 adhesion between an Ag-containing reflecting layer and a substrate. 

[0021] it is a further object of the present invention to provide a liquid crystal display device having the reflective 
layer or the laminate described above. 

[0022] A reflecting layer of the present invention comprises Ag as a main component, a 0.1-3.0 wt% first element 
selected from the group consisting of Au, Pd. and Ru, and a 0.1-3.0 wt% second element selected from the group 

30 consisting of Cu. Ti, Cr. Ta. Mo, Ni. Al, Nb. Au, Pd, and Ru. The second element is different from the first element. 

[0023] One laminate comprises a substrate and a reflecting layer deposited on the substrate. The reflecting layer 
includes Ag as a main component, a 0.1-3.0 wt% first element selected from the group consisting of Au, Pd, and Ru, 
and a 0.1-3.0 wt% second element selected from the group consisting of Cu, TI, Cr. Ta, Mo, NI, Al, Nb, Au. Pd. and 
Ru. The second element is different from the first element. 

35 [0024] Another laminate comprises a substrate, a base film deposited on the substrate, and an Ag-contalning re- 
flecting layer deposited on the base film. The base film is made of at least one of SI, Ta. Ti, Mo, Cr, Al, ITO, Zn02. 
SiOg, TIO2. TagOg, ZrOj, In203, Sn02. NbjOg, and MgO. 

[0025] Yet another laminate comprises an Ag-containing reflecting layer and a coating layer deposited on the reflect- 
ing layer. The coating layer includes In203 as a main component and at least one of Sn02. Nb205. Si02, MgO, and 
^ TaaOg. 

— [0026] A liquid crystal display device including the reflective layer or the laminate described above and a portable 
terminal device having the liquid crystal display device are also provided. 

[0027] Other aspects and advantages of the invention will become apparent from the following description, taken in 
conjunction with the accompanying drawings, illustrating by way of example the principles of the invention. 
45 [0028] The Invention, together with objects and advantages thereof, may best be understood by reference to the 
following description of the presently preferred embodiments together with the accompanying drawings in which: 

Fig.1 is a perspective view of a portable terminal device including a liquid crystal display device. 

50 [0029] An Ag-alloy reflecting layer of the present Inventlorr comprises: 

i) Ag as a main component: 

II) a 0.1-3.0 wt% first element selected from the group consisting of Au, Pd, and Ru; and 

ill) a 0.1-3.0 wt% second element selected from the group consisting of Cu, TI, Cr, Ta, Mo, NI. Al, Nb, Au. Pd, and 
55 Ru. wherein the second element is different from the first element. 

[0030] The addition of Au, Pd, or Ru to Ag improves the weather resistance of Ag under high temperature and high 
humidity conditions. Ag. which is the main component, has very high thermal conductivity and tends to absorb heat 
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and is quickly saturated with heat at the atomic level. Au, Pd, and Ru decrease the thermal conductivity of Ag and 
inhibit movement among atoms. Au, Pd. and Ru form whole solid solution. The content of Au, Pd. and Ru is preferably 
from 0.7 to 2.3 wt%, most preferably 0.9 wt%. 

[0031] Cu. Ti, Cr, Ta, Mo, Nl. Ai, and Nb. in combination with Au, Pd. and Ru. improve the heat resistance and weather 
5 r sistance of the Ag-alloy reflecting layer. The content of Cu, Ti. Cr. Ta, Mo. Nl. AI, and Nb is preferably from 0.5 to 2.5 
wt%, most preferably 1 .0 wt%. 

[0032] Without Cu. Ti, Cr, Ta. Mo, Ni, AI, or Nb. two or more of Au, Pd, and Ru may be contained in the reflecting 
layer to improve the heat resistance and weather resistance of the reflecting layer. 

[0033] In the reflecting layer of the present Invention, compared with reflecting layers of pure AI and pure Ag, move- 
*o ment of surface particles is poor. In other words, the self-diffusion energy of Ag upon heating Is reduced in the reflecting 
layer of the present invention. Accordingly, the reflecting layer of the present invention resists self-diffusion, which 
Improves heat resistance of the reflecting layer. The reflecting layer is heated during the manufacturing process or 
und r a certain weather condition. In the reflecting layer of the present invention, a decrease in the reflection index is 
prevented. Specifically, when the reflecting layer is heated over 100 ^C, a visual change in the reflecting layer (to a 
'5 dull white color) due to self-diffusion and an increase in light absorption due to deformation of the surface are prevented. 
[0034] The reflecting layer of the present invention has high heat resistance, a high reflection index, and is stable 
when exposed to alkaline organic materials. Further, the reflecting layer is chemically stable to gas emitted from a resin 
substrate. High heat resistance and reflection index are required for a reflector or a reflective wiring electrode of the 
reflection-type liquid crystal display device and a heat-ray or infrared-ray reflecting layer for building glass. The reflecting 
*o layer of the present invention may be used for all of them. 

[0035] The reflecting layer of the present invention may be produced either by sputtering or by deposition. The re- 
flecting layers of the present invention are stable regardless of its manufacturing process and have stable character- 
istics for various purposes and for many kinds of substrates. 

[0036] A coating layer, which is highly heat-resistant, may be laid on the Ag-containing reflecting layer. The coating 
?5 layer includes ln203 as a main component and at least one of Sn02. Nb205, Si02, MgO and Ta205. The reflecting 
layer may be of pure Ag or an Ag alloy. In either case, high reflection index of the reflecting layer is maintained and 
absorptivity at short wavelengths is reduced compared with a reflecting layer without a coating layer. 
[0037] The reflecting layer of the present Invention, together with a resin substrate or a glass substrate, may form a 
laminate. When a resin substrate of specific purity or composition is used, a large amount of gas occurs. It Is very likely 
^ that metal will react with the gas, and an unstable film, such as an oxide film, will form at the interface between the 
reflecting layer and the resin ) substrate. In this case, metal oxide is better than a metal element for preventing reductive 
reaction. To eliminate the above disadvantage, a base film for promoting adhesion may be placed between the reflecting 
layer and the resin substrate or the glass substrate. 

[0038] The base film for a glass substrate may include Si. Ta, Ti, Mo, Cr, AI, ITO (the composite oxide of In oxide 
« and Sn oxide) , Zn02, S\02, T1O2, Ta205, Zr02. In203, Sn02, Nb205, or MgO. 

[0039] A base film that is made of elemental metals such as Si, Ta, Ti, Mo, Cr, and AI may be formed by deposition 
(or evaporation), sputtering, CVD, or ion plating. These processes can be used consecutively In producing the base 
film and the Ag alloy reflecting layer, which facilitates the manufacture of the layers. 

[0040] A base film that is made of metal oxides such as ITO, Zn02, SIO2, Ti02, TagOg, ZrOz. In203, SnOj. Nb205, 
and MgO may also be formed easily by deposition, sputtering, or ion plating. For example, when an IR reflecting layer 
for a windowpane is formed, a layer of the uniform reflection characteristics may be formed by any of the above proc- 
esses. 

[0041] When the base film is placed under the reflecting layer, thermal stability of the laminate is ensured. The optical 
characteristics of the laminate are maintained regardless of the types of reflecting layers (whether pure Ag or an Ag 

s alloy). Even when the coating layer is laid on the reflecting layer, the thermal stability of the laminate is still ensured 
and th optical characteristics of the laminate are maintained regardless of the types of reflecting layers. 
[0042] The glass substrates for liquid crystal display devices and the glass substrate for building glass are large in 
size. For such substrates, a flne structure and accurate surfoce profile across the thickness are very important for the 
formed layers. Therefore, sputtering is preferred. When the base film is formed by sputtering, the atmosphere in the 

o sputtering device is evacuated to form a stable base film. When the resin substrate is used, gas occurs during the 
evacuation and the vacuum level is not raised. Therefore, for the resin substrate, the deposition process is preferred. 
[0043] The base film for the resin substrate especially requires chemical stability. Thus, the base film for the resin 
substrate is preferably a thin film of metal oxide. When used with the reflecting layer of the present invention, the base 
film for the resin substrate preferably includes ITO, Zn02, Si02, Ti02, Ta205, ZrOj* In203, Sn02, Nb205, or MgO, more 

5 preferably. ITO, ZnOg, Si02, TiOj, TazOg, or Zr02. 

[0044] To have the improved electrical characteristics of a reflective wiring electrode, a base film preferably includes 
a conductive metal oxide of ITO, Zr02 or a composite oxide about a thickness of 1-10 nm. This base film is highly 
insulative and volume resistivity of the laminate, which includes the Ag alloy reflecting layer and the base film, is 
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substantially Improved. Thus, the characteristics of the reflecting layer are maintained with th base film. 
[0045] To Inhibit th det rioration of optical characteristics such as the reflection index and the refraction index, a 
base film preferably Includes SIO2. TlOg. Ta205, Zr02. In203, Sn02, Nb205. or MgO. Since SiOz absorbs less light at 
the optical wavelength regions from 400 to 4000 nm. it can inhibit the deterioration of the reflection index due to the 
increase in absorptivity. Since TiOj. Ta205, ZrOg, InjOg, SnOj, NbgOg, and MgO have high refractive indices and low 
absorptivities, they are also preferred. 

[0046] When the base film is used, the degree of adhesion and the optical characteristics of the laminate are improved 
and the thermal stability of the laminate is maintained. The optical characteristics of the laminate are maintained re- 
gardless of the types of the reflecting layers (whether pure Ag or an Ag alloy). Thus, the reflecting layers of the present 
invention achieve the best performance. 

[0047] As shown In Fig.1, a portable terminal device 1 includes a liquid crystal display device 2. The liquid crystal 
display device 2 Is formed by a reflector on a lower glass substrate, a color filter, a polarizing layer, a liquid crystal 
layer, a polarizing layer, a transparent conductive layer, and an upper glass substrate, which are laminated in order. 
Th laminate of the present invention, which serves as the reflector, is protected from alkaline materials generated 
during the manufacturing process of the color filter. The laminate has a higher reflection Index and a lower optical 
absorptivity than the reflector of pure Al or an Al alloy, and a liquid crystal display device 2 having the laminate suffers 
less optical loss. The brightness of a liquid crystal display device 2 having the laminate of the present Invention is 
greater than that of a liquid crystal display device having the reflector of pure Al or Al alloy. A portable terminal device 
1 having such a liquid crystal display device 2 has an improved display. Therefore, the quality of the product is improved. 

Examples 
Comparison 

[0048] Ag-alloy reflecting layers were produced from the binary Ag alloys. Binary means two elements, i.e., Ag as a 
main component and Au, Pd or Ru. The content of Au, Pd or Ru was 0.1-4.0 wt%. 

[0049] Firstly, an Ag target and a Pd target are installed in a magnetron sputtering apparatus. Electrical discharges 
to the Ag and Pd targets were controlled at the specific RF power. Ar (Argon) gas was selectively set within the range 
from 0.1 to 3,0 Pa. The two metal elements were simultaneously sputtered to form binary Ag-alloy layers that contain 
Pd at several different levels. Ag-alloy layers that contain Au or Ru at several different levels were also produced. 
[0050] Quartz substrates, which are 100 mmx 100 mmxl .1 t in size, were used as a substrate. The temperature of 
the substrates during the sputtering process was room temperature (about 25 °C). Using Ar gas as an exclusive sput- 
tering gas in an high vacuum atmosphere where the ultimate vacuum level was 3X10E-6 Pa, the Ag-alloy layer was 
deposited on the quartz substrate so that the thickness of the layer was 20 nm. 

[0051] The reason for depositing the Ag-alloy layer in the high vacuum atmosphere is to prevent impure gas from 
staying in the layer and to make the layer compact. Thus, the desired characteristics of the Ag-alloy material are 
ensured, 

[0052] The resultant Ag-alloy layers were kept on a hot plate for about 2 hours. Then the layers were observed. The 
presence or absence of visual change (to a dull white color) in the layer surface and the time when the visual change 
occun-ed were examined. The hot plate was heated to 250 *»C at a heating rate of 20 ^'C/min by resistance heating. 
The reflection index of the Ag-alloy layers before and after heating was also examined. The results are shown in Table 1 . 



Table 1 



Material composition 
(wt%) 


Surface state of the layer 
after heating at 250 **C 


The time when the visual 
change occurred 


Differences of reflection 
index before and after 
heating (wavelength of 800 
nm) 


Ag 


dull white color over the 
surface 


100 ^'C 


-25 % 


Ag99.9Pd0.1 


dull white color over the 
surface 


100 °C 


-22% 


Ag99.5Pd0.5 


dull white color over the 
surface 


100 «C 


-22% 


Ag99.0Pd1.0 


dull white color over the 
surface 


120 «C 


-21 % 
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Table 1 (continued) 
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Material composition 
(wt%) 


Surface state of the layer 
after heating at 250 ""C 


The time when the visual 
change occurred 


Differences of reflection 
index before and after 
heating (wavelength or ouu 
nm) 




Agyo.ordi.o 


dull white color over the 

surface 


■ion o/^ 




W 


Agyo.Ora/i.U 


dull white color over the 
surface 


A OA 

1 oU O 


OA 0/ 




/Kgliif.Or'QZ.o 


dull white color at the 
middle portion 




-7.4 % (unchanged region 
was measured) 


15 


AnQ7 nPrl'^ D 


\A/^silf VA/hifo r*olor ciroiiriH 
Wc^cafV WIIHc \j\Jl\Jl aitJUtlvJ 

the middle portion 




V.I.VI /o y Ui lai i^ovJ ic^ijKJii 

was measured) 




Ag96.5Pd3.5 


weak white color around 
the middle portion 


150 °C 


-6.1 % (unchanged region 
was measured) 


>0 


Ag96.0Pd4.0 


weak white color around 
the middle portion 


150 «C 


-6.1 % (unchanged region 
was measured) 












>5 


Am AO t%Amtf\ A 

Agiis^.SAUU.l 


dull white color over the 

surface 


•iorv or^ 

JUU Lr 


-22 % 


Agyy.oAuu.o 


dull white color over the 

surface 


fUU Lr 


-22 % 


JO 


Ag99.0Au1 .0 


dull white color over the 
surface 


120 °C 


-21 % 


Agyo.oAul .5 


dull white color over the 

surface 


120 °C 


-21 % 




Ag9o.OAU^.O 


dull white color over the 
surface 


130 °C 


-21 % 




Agy/ .oAu^.la 


dull White color at the 
middle portion 


loU U 


-7.0 % (unchanged region 
was measured) 




Agy^ .UAUo.u 


weak white color around 
the middle portion 




-6.5 % (unchanged region 
was measured) 




Ag96.5Au3.5 


weak white color around 
the middle portion 


150 °C 


-6.0 % (unchanged region 
was measured) 




Ag96.0Au4.0 


weak white color around 
the middle portion 


150 °C 


-6.0 % (unchanged region 
was measured) 














Ag99.9KuO. 1 


dull white color over the 
surface 


100 °c 


-22 % 


iO 


Ag99.5Ku0.5 


dull white color over the 
surface 


100 *'C 


-22 % 






dull white color over the 
surface 




OH o/ 
-^1 TO 




Ag98.5Ru1.5 


dull white color over the 
surface 


120 •'C 


-20% 




Agg8.0Ru2.0 


dull white color over the 
surface 


130 *C 


-20% 
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Table 1 (continued) 
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Material composition 
(wt%) 


Surfac state of the layer 
after heating at 250 °C 


The time when the visual 
change occurred 


DifTerences of reflection 
index before and after 
heat in a ^wavelpnath of fiOO 
nm) 




Ag97.6Ru2.5 


dull white color at the 
middle portion 


150 **C 


was measured) 


10 


Ag97.0Ru3.0 


weak white color around 
the middle portion 


150 


-6.5 % (unchanged region 
was measured) 




Ag96.5Ru3.5 


weak white color around 
the middle portion 


150 '•C 


-6.1 % (unchanged region 
was measured) 


15 


Ag96.0Ru4.0 


weak white color around 
the middle portion 


150 °C 


-6.1 % (unchanged region 
was measured) 



[0053] As shown In Table 1. the visual change in the layer surface was not inhibited in the binary Ag^alloy layers 
including Au, Pd. or Ru as in the pure Ag layer. It was supposed that these binary layers were not heat resistant and 
20 unstable when exposed to the outdoor temperatures and sun rays. The reflection index of the binary Ag>alloy layers 
after heating was improved by only 2 to 3 % compared with that of the pure Ag layer after heating. Therefore, no anti- 
surface difFuslon effects due to the addition of Au, Pd, and Ru were confirmed. 



Example 1 

25 

[0054] Ag-alloy reflecting layers of the present invention were produced from the ternary Ag alloys. Ternary means 
three elements, i.e., Ag as a main component, a first element selected from the group consisting of Au, Pd, and Ru, 
and a second element selected from the group consisting of Cu. Ti. Cr, Ta. Mo. Ni, Al, Nb, Au, Pd, and Ru. The second 
element is different from the first element. The contents of the first element and the second element were 0.1-3.0 wt%. 
30 [0055] Firstly, targets of Ag target, the first element, and the second element are installed in a magnetron sputtering 
apparatus. The three metal elements were simultaneously sputtered to form Ag-alloy layers. 

[0056] As in the Comparison, quartz substrates, which were 100 mmxiOO mmxl.1 t in size, were used as a sub- 
strate. The temperature of the substrates during the sputtering process was kept at room temperature (about 25 **C). 
Using Ar gas as an exclusive sputtering gas in an high vacuum atmosphere where the ultimate vacuum level was 
35 3x 10E-6 Pa, the Ag-alloy layer was deposited on the quartz substrate so that the thickness of the layer was 200 nm. 
[0057] The resultant Ag-alloy layers were kept on a hot plate for about 2 hours. Then the layers were observed. The 
presence or absence of visual change (to a dull white color) in the layer surface and the time when the visual change 
occurred were examined. The reflection index of the Ag-alloy layers before and after heating was also examined. The 
results are shown in Table 2. 



Table 2 



Material composition 
(wt%) 


Surface state of the layer 
after heating at 250 °C 


The time the visual change 
occurred 


Differences of reflection 
index before and after 
heating (wavelength of 800 
nm) 


Ag99.8Pd0.1Cu0.1 


no change observed 




-1.1 % 


Ag98.4PdO.1Cu1 .5 


no change observed 




-1.0 % 


Ag96.9Pd0.1Cu3.0 


no change observed 




-1.0% 


Ag98.4Pd1.5Cu0.1 


no change observed 




-0.9 % 


Ag97.0Pd1.5Cu1 .5 


no change obsen/ed 




-0.7 % 


Ag95.5Pd1.5Cu3.0 


no change observed 




-0.7 % 


Ag96.9Pd3.0Cu0.1 


no change observed 




-1.0% 


Ag95.5Pd3.0Cu1 .5 


no change observed 




-0.5 % 
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Table 2 (continued) 



5 


Material composition 
(wt%) 


Surface state of the layer 
after heating at 250 °C 


The time the visual change 
occurred 


Differences of reflection 
index before and after 
heating (wavelength of 800 
nm) 




Ag94.0Pd3.0Cu3.0 


no change observed 




-0.4 % 




Ag99.8Pd0.1Ti0.1 


no change observed 




-1.1 % 


0 


Ag98.4PdO.1Ti1. 5 


no change observed 




-1 .0 % 




Ag96.9Pd0.1Ti3.0 


no change observed 




-1.0% 




Ag98.4Pd1.5Ti0.1 


no change observed 


** 


-0.9 % 




Ag97.0Pd1.5Ti1. 5 


no change observed 




-0.7 % 


5 


Ag95.6Pd1.5Ti3.0 


no change observed 




-0.7 % 




Ag96.9Pd3.0Ti0.1 


no change observed 


■ 


-1.0 % 




Ag95.5Pd3.0ni. 5 


no change observed 




-0.5 % 


V 


Ag94.0Pd3.0T13.0 


no change observed 




-0.4 % 




Ag99.8Pd0.1Cr0.1 


no change observed 


■ 


-1.1 % 




Ag98.4Pd0.1Cr1. 5 


no change observed 




-1 .0 % 




Ag96.9Pd0.1Cr3.0 


no change observed 




-1.0 % 


?5 


Ag98.4Pd1.5Cr0.1 


no change observed 




-0.9 % 




Ag97.0Pd1.5Cr1. 5 


no change observed 




-0.7 % 




Ag95.5Pd1.5Cr3.0 


no change observed 




-0.7 % 


iO 


Ag96.9Pd3.0Cr0.1 


no change observed 




-1.0 % 




Ag95.5Pd3.0Cr1 .5 


no change observed 




-0.5 % 




Ag94.0Pd3.0Cr3.0 


no change observed 




-0.4 % 


{5 


Ag99.8Pd0.1Ta0.1 


no change observed 


— 


-1.1 % 


Ag98.4PdO.1Ta1 .5 


no change observed 




-1 .0 % 




Ag96.9Pd0.1Ta3.0 


no change observed 




-1 .0 % 




Ag98.6Pd1.5Ta0.1 


no change observed 




-0.9 % 




Ag97.0Pd1.5Ta1. 5 


no change observed 




-0.7 % 




Ag95.5Pd1.5Ta3.0 


no change observed 




-0.7 % 




Ag96.9Pd3.0Ta0.1 


no change observed 




-1.0% 


fS 


Ag95.5Pd3.0Ta1. 5 


no change observed 




-0.5% 


Ag94.0Pd3.0Ta3.0 


no change observed 




-0.4% 




Ag98.4Pd0.1tNi0.1 


no change observed 




-1.1 % 




Ag98.4Pd0.1Ni1.5 


no change observed 




-1.0% 


SO 


Ag96.9PdO.1Ni3.0 


no change observed 




-1 .0 % 




Ag98.4Pd1.5Ni0.1 


no change observed 




-0.9 % 




Ag97.0Pd1.5Ni1. 5 


no change observed 




-0.7 % 


>5 


Ag95.5Pd1.5Ni3.0 


no change observed 




-0.7% 




Ag96.9Pd3.0Ni0.1 


no change observed 




-1.0 % 




Ag95.5Pd3.0Ni1. 5 


no change observed 




-0.5% 
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Table 2 (continued) 



5 


(Wt%) 


OUiieil«c; olaie OT 1116 layer 

after heating at 250 *C 


1 ne lime me visual cnange 
occurred 


Differences of reflection 
index before and after 
heating (wavelength of 800 
nm) 




AriQA HDrlQ OKIi') f\ 


no change observed 




-0.4 % 




A<iQQ QDWn 'lAin I 


no change observed 




-1.1 % 


10 


AnOA ^DHH i AM 


no change observed 




-1 .0 % 






no change observed 




-1 .0 % 




AnOA AOM'i f^AID i 


no change observed 




-0,9 % 


15 


AnQ7 HDHi l^Ali 

Mgy/ .Una 1 .d/\ii .0 


no change observed 




-0.7 % 


AnQ<^ I^Drii C^AI*! A 


no change observed 




-0.7 % 




AnQfs QDH^ HAin i 


no change observed 




-1.0 % 




AnQ'^-J^DH'^ nAli K 
AgsO.OKuO.U/MI .3 


no change observed 




-0.5 % 


20 


AnOA DDrl^ flAIQ n 
Mg 9*f . u nuo. UMIO . U 


no change observed 




-0.4 % 




AnQQ APHfl iKIKA 4 


no change observed 




-1.1 % 




AnQA At^An <^ 


no change observed 




-1.0 % 


25 


AnOfx QPHA iKlKQ D 


no change observed 




-1 .0 % 


AnQA /fDri'l CKIKA -i 


no change observed 




-0.9 % 




AnQ7 nDW'l KKIKH C 


no change observed 




-0.7 % 




AnQi; ciDWi c;kikq n 


no change observed 




-0.7 % 


30 


AnQA ODrlfi AKIl^A •! 


no change observed 




-1.0 % 




AnQf% RDri'i nKIK*! K. 


no change observed 




-0.5 % 




AnO^ ODrlQ AKIKQ A 
Agy^.Ur'ao.UIMDo.U 


no change observed 




-0.4% 


35 


AnOO ADrin 41Ul^n 4 


no change observed 




-1.1 % 




Agyo,4Kau.i mot .0 


no change observed 




-1.0% 




AnQA QDHA i ^ilnQ A 
AgyD.yr'uU-1 mOo.U 


no change observed 




-1.0% 




AnQA ADrt'i CKil^A 4 

Agyo,**r'a 1 .oiviou.1 


no change observed 




-0.9 % 




AnQ7 AD^*! RKil^'l C 

Agy/.ur'ai.c>Moi .0 


no change observed 




-0.7 % 




AnQX^ f^DHi f^KilnQ A 


no change observed 




^ -0.7 % 




AnQA QDrl*) f\KAr\/\ 4 

Myyo.yr'ao.uiviou. 1 


no change observed 




-1.0 % 


45 


AnQ<\ RDM'i AMn-l K 


no change observed 




-0.5% 




AnQ^ nPrl') AMn') A 


no change observed 




-0.4 % 




A#«QO fiD<-m "flAtiA 4 


no change observed 




-1.1 % 




AnQA /IDrIA iAai'1 tZ 

Agyo.^Kuu.i Au 1 .o 


no change observed 




-1.0% 


50 


AnQA QD/HA i AnQ A 

Agyo.y KQU. 1 auo.u 


no change observed 




-1.0 % 




Ag98.4Pd1.5Au0.1 


nA nhsriAA nhQ^r\/^H 




A A O/ 

-0.9 % 




Ag97.0Pd1.5Au1. 5 


no change observed 




-0.7 % 


55 


Ag95.5Pd1.5Au3.0 


no change observed 




-0.7 % 




Ag96.9Pd3.0Au0.1 


no change observed 




-1.0% 




Ag95.5Pd3.0Au1. 5 


no change ot>served 




-0.5% 
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Table 2 


continued) 


Material composition 
(wt%) 


Surface state of the layer 
after heating at 250 ^'C 


Th time the visual change 
occurred 


Differences of reflection 
Index before and after 
heating (wavelength of 800 
nm) 


Ag94.0Pd3.0Au3.0 


no change observed 




-0.4 % 


Ag99.8Au0.1Ru0.1 


no change observed 




-1.0 % 


Ag98.4AuO.1Ru1. 5 


no change observed 




-0.8 % 


Ag96.9Au0.1Ru3.0 


no change observed 




-0.5 % 


Ag98.4Au1.5Ru0.1 


no change observed 




-1.0 % 


Ag97.0Au1.5Ru1. 5 


no change observed 




-0.3 % 


Ag95.5Au1.5Ru3.0 


no change observed 




-0.6% 


Ag96.9Au3.0Ru0. 1 


no change observed 




-0.8 % 


Ag95.5Au3.0Ru1. 5 


no change observed 




-0.5 % 


Ag94.0Au3.0Ru3.0 


no change observed 




-0.8 % 


Ag99.8Pd0.1Ru0.1 


no change observed 




-1 .0 % 


Ag98.4PdO.1Ru1. 5 


no change observed 




-0.9 % 


Ag96.9Pd0.1Ru3.0 


no change observed 




-1 .0 % 


Ag98.4Pd1.5Ru0.1 


no change observed 




-0.9 % 


Ag97.0Pd1.5Ru1. 5 


no change observed 




-0.8 % 


Ag95.5Pd1.5Ru3.0 


no change observed 




-0.7% 


Ag96.9Pd3.0Ru0.1 


no change observed 




-1.0% 


Ag95.5Pd3.0Ru1. 5 


no change observed 




-0.6 % 


Ag94.0Pd3.0Ru3.0 


no change observed 




-0.4% 


AgAuXb 


Ag99.8Au0.1Cu0.1 


no change observed 




-0.9 % 


Ag98.4AuO.1Cu1. 5 


no change observed 




-0.8 % 


Ag96.9Au0.1Cu3.0 


no change observed 




-0.8 % 


Ag98.4Au1.5Cu0.1 


no change observed 




-0.7 % 


Ag97.0Au1.5Cu1 .5 


no change observed 




-0.6% 


Ag95.5Au1 .5Cu3.0 


no change observed 




-0.5% 


Ag96.9Au3.0Cu0.1 


no change observed 




-0.8 % 


Ag95.5Au3.0Cu1 .5 


no change observed 




-0.5% 


Ag94.0Au3.0Cu3.0 


no change observed 




-0.6 % 


Ag99.8Au0.1Ti0.1 


no change observed 




-0.9% 


Ag98.4Au0.1 111.5 


no change observed 




-0.6% 


Ag96.9Au0.iri3.0 


no change observed 




-0.3 % 


Ag98.4Au1 .5710.1 


no change observed 




-0.5 % 


Ag97.0Au1.5Ti1 .5 


np change observed 




-0.8% 


Ag95.5Au1.5Ti3.0 


no change observed 




-0.6% 


Ag96.9Au3.0TI0.1 


no change observed 




-0.9% 
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Table 2 (continued) 





AgAuXb 




Ag95.5Au3.0Ti1 .5 


no change observed 




-1.1 % 


5 


Ag94.0Au3.0Ti3.0 


no change observed 




-1.0 % 




Ag99.8Au0.1 CrO.i 


no change observed 




-0.8 % 




Ag98.4AuO.1Cr1 .5 


no change observed 


■ 


-1.0 % 


10 


Ag96.9Au0.1Cr3.0 


no change observed 




-0.6 % 




Ag98.4Au1.5Cr0.1 


no change observed 




-0.9 % 




Ag97.0Au1.5Cr1 .5 


no change observed 




-0.4 % 


15 


Ag95.5Au1.5Cr3.0 


no change observed 




-1.1 % 


Ag96.9Au3.0CrO. 1 


no change observed 


** 


-0.8 % 




Ag95.5Au3.0Cr1 .5 


no change observed 




-0.9% 




Ag94.0Au3.0Cr3.0 


no change observed 




-0.7 % 


20 


Ag99.8 AuO.1 TaO.1 


no change observed 




-0.5 % 




Ag98.4AuO.1Ta1 .5 


no change observed 




-0.6 % 




Ag96.9Au0.1Ta3.0 


no change observed 




-1.1 % 


25 


Ag98.6Au1.5Ta0.1 


no change observed 




-0.4 % 


Ag97.0Au1.5Ta1. 5 


no change observed 




-0.9 % 




Ag95.5Au1 .5Ta3.0 


no change observed 


— 


-0.8 % 




Ag96.9Au3.0Ta0. 1 


no change observed 




-0.5 % 


30 


Ag95.5Au3.0Ta1. 5 


no change observed 




-1.0% 




Ag94.0Au3.0Ta3.0 


no change observed 


- 


-0.6% 




Ag99.8Au0.1 MoO.1 


no change observed 




-0.7 % 


35 


Ag98.4AuO.1Mo1. 5 


no change observed 




-1.1 % 


Ag96.9Au0.1Mo3.0 


no change observed 




-0.8 % 




Ag98.4Au1.5IVIo0.1 


no change observed 




-0.4 % 




Ag97.0Au1.5Mo1. 5 


no change observed 




-0.8 % 




Ag95.5Au1.5Mo3.0 


no change observed 




-0.3 % 




Ag96.9Au3.0Mo0.1 


no change observed 




^ -0.9 % 




Ag95.5Au3.0Mo1.5 


no change observed 




-1.1% 


45 


Ag94.0Au3.0Mo3.0 


no change observed 




-1.0% 


Ag99.8Au0.1Ni0.1 


no change observed 




-0.5% 




Ag98.4Au0.1Ni1.5 


no change observed 




-1.1 % 




Ag96.9Au0.1Ni3.0 


no change observed 




-0.8 % 


ou 


Ag9o.4Au1 -oNiO.I 


no change observed 




-0.4 % 




Ag97.0Au1.5Ni1. 5 


no change observed 




-1.0% 




Ag95.5Au1.5Ni3.0 


no change observed 




-0.7 % 


55 


Ag96.9Au3.0Ni0.1 


no change observed 




-0.9% 




Ag95.5Au3.0Ni1. 5 


no change observed 




-0.6% 




Ag94.0Au3.0Ni3.0 


no change observed 




-0.8 % 
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Table 2 (continued) 





AgAuXb 




Ag99.8Au0.1AI0.1 


no change observed 


- 


-1.09% 




Ag98.4AuO.1AI1. 5 


no change observed 


- ^ 


-1.1 % 




Ag96.9Au0.1AI3.0 


no change observed 


- 


-0.7% 




Ag98.4Au1.5AI0.1 


no change observed 


- 


-0.9 % 


0 


Ag97.0Au1.5AI1 .5 


no change observed 


- 


-0.5 % 




Ag95.5Au1.5AI3.0 


no change observed 


- 


-0.4 % 




Ag96.9Au3.0AI0.1 


no change observed 


- 


-0.8 % 




Ag95.5Au3.0A1 1.5 


no change observed 


- 


-1.0% 


5 


Ag94.0Au3.0AI3.0 


no change observed 


- 


-1.1 % 




Ag99.8Au0.1Nb0.1 


no change observed 


- 


-1.1 % 




Ag98.4Au0.1Nb1. 5 


no change observed 


- 


-1 .0 % 


0 


Ag96.9Au0.1Nb3.0 


no change observed 


- 


-0.9% 




Ag98.4Au1.5Nb0.1 


no change observed 




-0.8 % 




Ag97.0Au1.5Nb1. 5 


no change observed 




-0.7 % 


5 


Ag95.5Au1.5Nb3.0 


no change observed 




-0.8 % 


Ag96.9Au3.0Nb0.1 


no change observed 




-1.0% 




Ag95.5Au3.0Nb1. 5 


no change observed 




-0.4 % 




Ag94.0Au3.0Nb3.0 


no change observed 




-0.4% 


0 


AgRuX 




Ag99.8Ru0.1Cu0.1 


no change observed 




-0.9 % 




Ag98.4Ru0.1Cu1 ,5 


no change observed 




-0.8% 


5 


Ag96.9Ru0.1Cu3.0 


no change observed 




-0,7 % 


Ag98.4Ru1.5Cu0.1 


no change observed 




-0.7 % 




Ag97.0Ru1.5Cu1. 5 


no change observed 




-0.6 % 




Ag95.5Ru1.5Cu3.0 


no change observed 




-0.5 % 




Ag96.9Ru3.0Cu0.1 


no change observed 




-0.7 % 




Ag95.5Ru3.0Cu1 .5 


no change observed 




-0.5% 




Ag94.0Ru3.0Cu3.0 


no change observed 




-0.6% 


5 


Ag99.8Ru0.1Ti0.1 


no change observed 




-0.9 % 




Ag98.4Ru0.1Ti1. 5 


no change observed 




-0.6% 




Ag96.9Ru0.1 113.0 


no change observed 




-0.4 % 




Ag98.4Ru1.5T10.1 


no change observed 




-0.5 % 


0 


Ag97.0Ru1.5Ti1. 5 


no change observed 




-0.8 % 




Ag95.5Ru1.5Ti3.0 


no change observed 




-0.5 % 




Ag96.9Ru3.0Ti0.1 


no change observed 




-0.9% 


5 


Ag95.5Ru3.0Ti1. 5 


no change observed 




-1.1 % 


Ag94.0Ru3.0Ti3,0 


no change observed 




-1.0% 




Ag99.8Ru0.1Cr0.1 


no change observed 




-0.8% 
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Table 2 (continued) 





AgRuX 




AmDO AOmmf\ A^tmA C 

Ag9o.4RuO. 1 Cri .5 


no change observed 




-1.0 % 


5 


Agyo.SRuO.ICro.O, 


no change observed 




-0.6 % 




Ag9o.4Rul .oCru.l 


no change observed 




-0.8 % 




Ag97-0Ru1 .oCrl .5 


no change observed 




-0.4 % 


10 


AgSo.oRul .5Cr3.0 


no change observed 




-1.0 % 




Ag9o.9Ku3.0Cru. 1 


no change observed 




-0.8 % 




Ag95.5Ruo.0Cr1 .5 


no change observed 




-0.9 % 


15 


Ag94.0Ru3.0Cr3.0 


no change obsen/ed 




-0.8 % 


Ag99.oRu0.1 TaO.1 


no change observed 




-0.9 % 




Ag9o.4RuO. 1 Tal .5 


no change observed 




-0.8 % 




Ag9D.9RuO. 1 Ta3.0 


no change observed 




-0.7% 


20 


Ag9o.DRu1 .oTaO.I 


no change observed 




-0.7 % 




Ag97.0Ru 1 .5 Ta1 .5 


no change observed 




-0.6 % 




Ag95.5Ru1 .5Ta3.0 


no change observed 




-0.5 % 


25 


Ag96.9Ru3.0TaQ. 1 


no change observed 




-0.7 % 


Ag95.5Ru3.0Ta1 .5 


no change observed 




-0.6 % 




AmAjI An. .O AT«^0 A 

Ag94.0Ru3.0Ta3.0 


no change observed 




-0.6% 




A .^AA a^9__A ^ nfl f% ^ 

Ag99.8Ru0.1 moO.1 


no change observed 




-0.8% 


'in 


Ag98.4Ru0.1Mo1 .5 


no change observed 




-1 .0 % 




A _ AO A^^. .A A K M ^ n 

Ag9D.9RuO. 1 Mo3.0 


no change observed 




-0.6% 




Ag98.4Ru1 .5Mo0.1 


no change observed 




-0.7% 


35 


Ag97.0Ru1 .5Mo1 .5 


no change observed 




-0.4 % 


Ag95.5Ru1 .5Mo3.0 


no change observed 




■ -1.1 % 




Ag96.9Ru3.0Mo0. 1 


no change observed 




-0.8 % 




Ag95.5Ru3.0Mo1 .5 


no change observed 




-0.7 % 


'''•^ 


A^A^ A^^ ^ M ^ A 

Ag94.0Ru3.0Mo3.0 


no change observed 




-0.6% 




Ag99.8Ru0.1 NiO.1 


no change observed 




-1.0% 




A M A A 1^. .A A^lt^ 

Ag98.4RuO. 1 Nil .5 


no change observed 




-1.1 % 


45 


Ag96.9RuO. 1 Ni3.0 


no change observed 




-0.8 % 


Ag98.4Ru1 .SNiO.I 


no change observed 




-0.8 % 




Ag97.0Ru1 .5Ni1 .5 


no change observed 




-0.5 % 




Ag95.5Ru1 .5Ni3.0 


no change observed 




-0.5 % 


50 


AnQR QRii*^ nNlifl 1 


no change observed 




-0.7 % 




Ag95.5Ru3.0Ni1 .5 


no change observed 




-1.0 % 




Ag94.0Ru3.0Ni3.0 


no change observed 




-1.1 % 


55 


Ag99.8Ru0.1AI0.1 


no change observed 




-1.0% 




Ag98.4Ru0.1A11.5 


no change observed 




-1.1 % 




Ag96.9Ru0.1AI3.0 


no change observed 




-0.7 % 
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Table 2 (continued) 



AgRuX 


Ag98.4Ru1.5AI0.1 


no change observed 




-0.9 % 


Ag97.0Ru1.5AI1, 6 


no change observed 




-0.5 % 


Ag95.5Ru1.5AI3.0 


no change observed 




-0.5 % 


Ag96.9Ru3.0AI0.1 


no change observed 




-0.8 % 


Ag95.5Ru3.0AI1 .5 


no change observed 




-1.0 % 


Ag94.0Ru3.0AI3.0 


no change observed 




-1.1 % 


Ag99.8Ru0.1 NbO.1 


no change observed 




-1.1 % 


Ag98.4RuO.1Nb1 .5 


no change observed 




-1.0 % 


Ag96.9Ru0.1Nb3.0 


no change observed 




-0.8 % 


A rt Art. .A (rKii_r\ 

Ag9o.4Ru1 .5Nb0.1 


no change observed 




-U.<5 /o 


Ag97.0Ru1.5Nb1 .5 


no change observed 




-0.7 % 


Ag95.5Ru1.5Nb3.0 


no change observed 




-0.7 % 


Ag96.9Ru3.0Nb0.1 


no change observed 




-1.0% 


Ag95.5Ru3.0Nb1 .5 


no change observed 




-0.5 % 


Ag94.0Ru3.0Nb3.0 


no change observed 




-0.4 % 



[0058] While the surface change and the accompanying decrease In the reflection Index were observed with the Ag- 
alloy layers in the Comparison, they were not observed with the Ag-alloy layers of any examined composition in Example 
1 , as shown in Table 2. 

[0059] Moreover, the quartz substrates, on which various Ag-alloy layers were deposited and which were heated to 
250 °C as described , were further kept on a hot plate at 400 °C for two hours. The surface change and the decrease 
in the reflection index were not observed in the Ag-alloy layers of any examined composition (data not shown). 
[0060] The Ag-alloy reflecting layers that included Ag and 0.1-3.0 wt% Cu, Ti, Cr, Ta, Mo, Ni, AI, or Nb but did not 
include Au, Pd, or Ru were produced. As described, the Ag-alloy layer was deposited on the quartz substrate so that 
the thickness of the layer was 15nm by simultaneous sputtering. The visual change of the layers was observed over 
time both at 250 ""C and 400 *=*C. All the layers became white and the reflection index was decreased (data not shown). 
[0061] Taken together, it was revealed that the Ag-alloy layers including Ag as a main component, the first element, 
and the second element had improved heat resistance and maintained high reflection index. 



Example 2 

[0062] In this Example, the utility of the ternary Ag-alloy layers as reflectors and reflective wiring electrodes for re- 
flection-type liquid crystal display devices was studied. 

[0063] The anti-corrosive study on chemical stability was conducted with respect to the conventional metal layers 
(pure Al, an Al alloy, Ag, binary Ag-alloys) and the ternary Ag-alloy layers of the present invention. A liquid resist was 
applied to the reflecting layers and the pattern was formed on them. Then the reflecting layers were washed with an 
alkali solution (5 % KOH aqueous solution) to remove the resist. The sur^ce of the layers was observed. The results 
are shown in Table 3. 



Table 3 



Material composition (wt%) 


Alkali solution 


Al 


completely reacted 


A196.0Mg4.0 


completely reacted 


Al coated with acrylic resin 


partially reacted 


Ag98.0Pd2.0 


many black stains 
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Table 3 (continued) 





Material composition (wt%) 


Alkali solution 




Ag97.0Pd3.0 


moderate black stains 


5 


Ag99.8Pd0.1Cu0.1 


no change 




Ag99.4Pd0.5Cu0.1 


no change 




Ag98.1Pd0.9Cu1.0 


no change 


10 


Ag98.9Pd1.0Cu0.1 


no change 




Ag97.9Pd2.0Cu0.1 


no change 




Ag96.9Pd3.0Cu0.1 


no change 


15 


Ag96.5Pd3.0Cu0.5 


no change 


Ag94.0Pd3.0Cu3.0 


no change 




Ag99.8Pd0.1Ti0.1 


no change 




Ag99.4Pd0.5Ti0.1 


no change 


20 


Ag98.1Pd0.9ri1.0 


no change 




Ag98.9Pd1.0"no.1 


no change 




Ag97.9Pd2.0Ti0.1 


no change 


25 


Ag96.9Pd3.0no.1 


no change 


Ag96.5Pd3.0Ti0.5 


no change 




Ag94.0Pd3.0Ti3.0 


no change 




Ag99.8Pd0.1Cr0.1 


no change 


30 


Ag98.4Pd0.1Cr1.5 


no change 




Ag96.9Pd0.1Cr3.0 


no change 




Ag98.4Pd1.5Cr0.1 


no change 


35 


Ag97.0Pd1.5Cr1. 5 


no change 




Ag95.5Pd1.5Cr3.0 


no change 




Ag96,9Pd3.0Cr0.1 


no change 




Ag95.5Pd3.0Cr1. 5 


no change 




Ag94.0Pd3.0Cr3.0 


no change 




Ag99.8Pd0.1Ta0.1 


no change 




Ag98.4Pd0.1Ta1. 5 


no change 


45 


Ag96.9Pd0.1Ta3.0 


no change 




Ag98.4Pd1.5Ta0.1 


no change 




Ag97,0Pd1.5Ta1.5 


no change 




Ag95.5Pd1.5Ta3.0 


no change 


DV 


Ag96.9Pd3.0Ta0.1 


no change 




Ag95.5Pd3.0Ta1 .5 


no change 




Ag94.0Pd3.0Ta3.0 


no change 


55 


Ag99.8Pd0.1Mo0.1 


no change 




Ag98.4Pd0.1Mo1 .5 


no change 




Ag96.9Pd0.1Mo3.0 


no change 



15 



EP 1 213 599 A2 

Table 3 (continued) 



Material composition (wt%) 


Alkali solution 


Ag98.4Pcl1.5Mo0.1 


no change 


Ag97.0Pd1.5Mo1. 5 


no change 


Ag95.5Pd1.5Mo3.0 


no change 


Ag96.9Pd3.0Mo0.1 


no change 


Ag95.5Pd3.0Mol!5 


no change 


Ag94.0Pd3.0Mo3.0 


no change 


Ag98.4Pd0.1Ni0.1 


no change 


Ag98.4PdO.1Ni1. 5 


no change 


Ag96.9Pd0.1Ni3.0 


no change 


Ag98.4Pd1.5Ni0.1 


no change 


Ag97.0Pd1.5Ni1. 5 


no change 


Ag95.5Pd1.5Ni3.0 


no change 


Ag96.9Pd3.0Ni0.1 


no change 


Ag95.5Pd3.0Ni1. 5 


no change 


Ag94.0Pd3.0Ni3.0 


no change 


Ag99.8Pd0.1AI0.1 


no change 


Ag98.4Pd0.1AI1.5 


no change 


Ag96.9Pd0.1AI3.0 


no change 


Ag98.4Pd1.5AI0.1 


no change 


Ag97.0Pd1.5A1 1.5 


no change 


Ag95.5Pd1.5AI3.0 


no change 


Ag96.9Pd3.0AI0.1 


no change 


Ag95.5Pd3.0AI1. 5 


no change 


Ag94.0Pd3.0A!3.0 


no change 


Ag99.8Pd0.1Nb0.1 


no change 


Ag98.4PdO.1Nb1 .5 


ho change 


Ag96.9Pd0.1Nb3.0 


no change 


Ag98.4Pd1.5Nb0.1 


no change 


Ag97.0Pd1.5Nb1 .5 


no change 


Ag95.5Pd1.5Nb3.0 


no change 


Ag96.9Pd3.0Nb0.1 


no change 


Ag95.5Pd3.0Nb1 .5 


no change 


Ag94.0Pd3.0Nb3.0 


no change 


Ag99.8Pd0.1Au0.1 


no change 


Ag98.4Pd0.1Au1 .5 


no change 


Ag96.9Pd0.1Au3.0 


no change 


Ag98.4Pd1.5Au0.1 


no change 


Ag97.0Pd1.5Au1 .5 


no change 
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Table 3 (continued) 





Material composition (wt%) 


Alkali solution 




Ag95.5Pd1.5Au3.0 


no change 


5 


Ag96.9Pd3.0Au0.1 


no change 




Ag95.5Pd3.0Au1. 5 


no change 




Ag94.0Pd3.0Au3.0 


no change 


10 


Ag99.8Ru0.1Au0.1 


no change 




Ag98.4RuO.1Au1. 5 


no change 




Ag96.9Ru0.1Au3.0 


no change 


15 


Ag98.4Ru1.5Au0.1 


no change 


Ag97.0Ru1.5Au1. 5 


no change 




Ag95.5Ru1.5Au3.0 


no change 




Ag96.9Ru3.0Au0.1 


no change 


20 


Ag95.5Ru3.0Au1 .5 


no change 




Ag94.0Ru3.0Au3.0 


no change 




Ag99.8Pd0.1Ru0.1 


no change 


25 


Ag98.4Pd0.1Ru1. 5 


no change 


Ag96-9Pd0.1Ru3.0 


no change 




Ag98.4Pd1.5Ru0.1 


no change 




Ag97.0Pd1.5Ru1. 5 


no change 


30 


Ag95.5Pd1.5Ru3.0 


no change 




Ag96.9Pd3.0Ru0.1 


no change 




Ag95.5Pd3.0Ru1. 5 


no change 


35 


Ag94.0Pd3.0Ru3.0 


no change 


AgAuX 




Ag98.0Au2.0 


many black stains 




Ag97.0Au3,0 


moderate black stains 




Ag99.8Au0.1Cu0.1 


no change 




Ag99.4Au0.5Cu0.1 


no change 




Ag98.1Au0.9Cu1.0 


no change 


45 


Ag98.9Au1.0Cu0.1 


no change 




Ag97.9Au2.0Cu0.1 


no change 




Ag96.9Au3.0Cu0.1 


no change 




Ag96.5Au3.0Cu0.5 


no change 


in 


Ag94.0Au3.0Cu3.0 


no change 




Ag99.8Au0.1Ti0.1 


no change 




Ag99.4Au0.5Ti0.1 


no change 


55 


Ag98.1Au0.9Tl1.0 


no change 




Ag98.9Au1.0Ti0.1 


no change 




Ag97,9Au2.0Ti0.1 


no change 
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Table 3 (continued) 



AgAuX 


Ag96.9Au3.0ri0.1 


no change 


Ag96.5Au3.0Ti0.5 


no change 


Ag94.0Au3.0Ti3.0 


no change 


Ag99.8Au0.1Cr0.1 


no change 


Ag98.4AuO.1Cr1 .5 


no change 


Ag96.9Au0.1Cr3.0 


no change 


Ag98.4Au1.5Cr0.1 


no change 


Ag97.0Au1.5Cr1. 5 


no change 


Ag95.5Au1.5Cr3.0 


no change 


Ag96.9Au3.0Cr0.1 


no change 


Ag95.5Au3.0Cr1 .5 


no change 


Ag94.0Au3.0Cr3.0 


no change 


Ag99.8Au0.1Ta0.1 


no change 


Ag98.4AuO.1Ta1. 5 


no change 


Ag96.9Au0.1Ta3.0 


no change 


Ag98.4Au1.5TaO,1 


no change 


Ag97.0Au1.5Ta1. 5 


no change 


Ag95.5Au1.5Ta3.0 


no change 


Ag96.9Au3.0Ta0.1 


no change 


Ag95.5Au3.0Ta1. 5 


no change 


Ag94.0Au3.0Ta3.0 


no change 


Ag99.8Au0.1Mo0.1 


no change 


Ag98.4AuO.1Mo1 .5 


no change 


Ag96.9Au0.1Mo3.0 


no change 


Ag98.4Au1.5Mo0.1 


no change 


Ag97.0Au1.5Mo1 .5 


no change 


Ag95.5Au1.5Mo3.0 


no change 


Ag96.9Au3.0Mo0.1 


no change 


Ag95.5Au3.0Mo1. 5 


no change 


Ag94.0Au3.0Mo3.0 


no change 


Ag99.8Au0.1Ni0.1 


no change 


Ag98.4Au0.1Ni1.5 


no change 


Ag96.9Au0.1Ni3.0 


no change 


Ag98,4Au1.5Ni0.1 


no change 


Ag97.0Au1,5Ni1.5 


no change 


Ag95.5Au1.5NI3.0 


no change 


Ag96.9Au3.0Ni0.1 


no change 


Ag95.5Au3.0Ni1. 5 


no change 
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Table 3 (continued) 





AgAuX 




Ag94.0Au3.0Ni3,0 


no change 


5 


Ag99.8Au0.1AI0.1 


no change 




Ag98.4AuO.1AI1. 5 


no change 




Ag96.9Au0.1AI3.0 


no change 


10 


Ag98.4Au1.5AI0.1 


no change 




Ag97.0Au1.5AIi .5 


no change 




Ag95.5Au1.5AI3.0 


no change 


15 


Ag96.9Au3.0AI0.1 


no change 


Ag95.5Au3.0AI1. 5 


no change 




Ag94.0Au3.0Af3.0 


no change 




Ag99.8Au0.1Nb0.1 


no change 


20 


Ag98.4AuO.1Nb1. 5 


no change 




Ag96.9Au0.1Nb3.0 


no change 




Ag98.4Au1.5Nb0.1 


no change 


25 


Ag97.0Au1.5Nb1. 5 


no change 


Ag95.5Au1.5Nb3.0 


no change 




Ag96.9Au3.0Nb0.1 


no change 




Ag95.5Au3.0Nb1 .5 


no change 


30 


Ag94.0Au3.0Nb3.0 


no change 




AgRuX 




Ag98.0Ru2.0 


many black stains 


35 


Ag97.0Ru3.0 


moderate black stains 


Ag99.8Ru0.1Cu0.1 


no change 




Ag99.4Ru0.5Cu0.1 


no change 




Ag98.1Ru0.9Cu1.0 


no change 




Ag98.9Ru1.0Cu0.1 


no change 




Ag97.9Ru2.0Cu0.1 


no change 




Ag96.9Ru3.0Cu0.1 


no change 


45 


Ag96.5Ru3.0Cu0.5 


no change 




Ag94.0Ru3.0Cu3.0 


no change 




Ag99.8Ru0.1TI0.1 


no change 




Ag99.4Ru0.5Tl0.1 


no change 


en 


Ag98.1Ru0.9Ti1.0 


no change 




Ag98.9Ru1.0Ti0.1 


no change 




Ag97.9Ru2.0Ti0.1 


no change 


55 


Ag98.9Ru3.0710.1 


no change 




Ag96.5Ru3.0"no.5 


no Chang 




Ag94.0Ru3.0T13.0 


no change 
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Table 3 (continued) 



AgRuX 


Ag99.8Ru0.1Cr0.1 


no change 


Ag98.4RuO.1Cr1 .5 


no change 


Ag96.9Ru0.1Cr3.0 


no change 


Ag98.4Ru1.5Cr0.1 


no change 


Ag97.0Ru1.5Cr1. 5 


no change 


Ag95.5Ru1.5Cr3,0 


no change 


Ag96.9Ru3.0Cr0.1 


no change 


Ag95.5Ru3.0Cr1 .5 


no change 


Ag94.0Ru3.0Cr3.0 


no change 


Ag99.8Ru0.1Ta0.1 


no change 


Ag98.4Ru0.1Ta1.5 


no change 


Ag96.9Ru0.1Ta3.0 


no change 


Ag98.4Ru1.5Ta0.1 


no change 


Ag97.0Ru1.5Ta1. 5 


no change 


Ag95.5Ru1.5Ta3.0 


no change 


Ag96.9Ru3.0Ta0.1 


no change 


Ag95.5Ru3.0Ta1 .5 


no change 


Ag94.0Ru3.0Ta3.0 


no change 


Ag99.8Ru0.1Mo0.1 


no change 


Ag98.4Ru0.1Mo1. 5 


no change 


Ag96.9Ru0.1Mo3.0 


no change 


Ag98.4Ru1.5Mo0.1 


no change 


Ag97.0Ru1.5Mo1. 5 


no change 


Ag95.5Ru1.5Mo3.0 


no change 


Ag96.9Ru3.0Mo0.1 


no change 


Ag95.5Ru3.0Mo1 .5 


no change 


Ag94.0Ru3.0Mo3.0 


no change 


Ag99.8Ru0.1Ni0.1 


no change 


Ag98.4Ru0.1Ni1.5 


no change 


Ag96.9Ru0.1Ni3.0 


no change 


Ag98.4Ru1.5Ni0.1 


no change 


Ag97.0Ru1.5Ni1 .5 


no change 


Ag95.5Ru1.5Ni3.0 


no change 


Ag96.9Ru3.0Ni0.1 


no change 


Ag95.5Ru3.0Ni1 .5 


no change 


Ag94.0Ru3.0Ni3.0 


no change 


Ag99.8Ru0.1AI0.1 


no change 


Ag98.4Ru0.1AI1.5 


no change 
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Table 3 (continued) 



AgRuX 


Ag96.9Ru0.1AI3.0 


no change 


Ag98.4Ru1.5AI0.1 


no change 


Ag97.0Ru1.5A!1.5 


no change 


Ag95.5Ru1.5AI3.0 


no change 


Ag96.9Ru3.0AI0.1 


no change 


Ag95.5Ru3.0A1 1.5 


no change 


Ag94.0Ru3.0AI3.0 


no change 


Ag99.8Ru0.1Nb0.1 


no change 


Ag98.4RuO.1Nb1 .5 


no change 


Ag96.9Ru0.1Nb3.0 


no change 


Ag98.4Ru1.5Nb0.1 


no change 


Ag97.0Ru1.5Nb1 .5 


no change 


Ag95.5Ru1.5Nb3.0 


no change 


Ag96.9Ru3.0Nb0.1 


no change 


Ag95.5Ru3.0Nb1 .5 


no change 


Ag94.0Ru3.0Nb3.0 


no change 



[0064] As Shown in Table 3, the decrease in the reflection index was not observed with the Ag-alloy layers of the 
present invention of any composition. Thus, the ternary Ag-alloy layers are more stable to alkali solution than conven- 
tional layers, and the quality of the inventive layers was supenor to the conventional layers. 

[0065] Next, the reflection index at 500nnn and 800nm was measured in both layers. The range from 500 to 800 nm 
(565 nm) is the standard optical wavelength range for liquid crystal display devices. As shown in Table 4, the reflection 
index of the ternary Ag-alloy layers of the present Invention was improved by 0.5-3.0 % compared with Al. the Al alloy, 
Ag, the binary Ag-alloy layers. 



Table4 



Material composition (wt%) 


500mm wavelength 


800mm wavelength 


reflection index (%) 


reflection index (%) 


Al 


87.2 


84.5 


A196.0Mg4.0 


83.1 


82.3 


Al coated with acrylic resin 


79.4 


76.6 


Ag 


98.2 


98.8 


Ag98.0Pd2.0 


91.3 


94.5 


Ag97.0Pd3.0 


86.9 


92.1 


Ag99.8Pd0.1Cu0.1 


98.0 


98.6 


Ag99.4Pd0.5Cu0.1 


98.0 


98.4 


Ag98.1Pd0.9Cu1.0 


97.8 


98.0 


Ag98.9Pd1.0Cu0.1 


94.4 


97.6 


Ag97.9Pd2.pCu0.1 


91.4 


94.6 


Ag96.9Pd3.0Cu0.1 


87.5 


93.4 


Ag96.5Pd3.0Cu0.5 


87.3 


92.7 
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Table 4 (continued) 



Material composition 


500mm wavelength 


800mm wavelength 


reflection index (%) 


reflection index (%) 


Ag94.0Pd3.0Cu3.0 


84.7 


91.1 


Ag99.8Pd0.1Ti0.1 


98.0 


98.6 


Ag99.4Pd0.5Ti0.1 


98.0 


98.4 


Ag98.1Pd0.9Ti1.0 


97.6 


97.9 


Ag98.9Pd1.0Ti0.1 


94.4 


97.6 


Ag97.9Pd2.0Ti0.1 


91.4 


94.6 


Ag96.9Pd3.0mi 


87.5 


93.4 


Ag96.5Pd3.0TI0.5 


87.0 


92.5 


Ag94.0Pd3.0Ti3.0 


87.0 


90.7 


Ag99.8Pd0.1Cr0.1 


94.6 


94.7 


Ag98.4Pd0.1Cr1.5 


91.7 


91.7 


Ag96.9Pd0.1Cr3.0 


89.3 


89.7 


Ag98.4Pd1.5Cr0.1 


91.5 


91.7 


Ag97.0Pd1.5Cr1 .5 


86.8 


86.8 


Ag95.5Pd1.5Cr3.0 


84.2 


84.2 


Ag96.9Pd3.0Cr0.1 


85.6 


85.6 


Ag95.5Pd3.0Cr1 .5 


83.5 


83.5 


Ag94.0Pd3.0Cr3.0 


82.7 


82.7 


Ag99.8Pd0.1Ta0.1 


94.6 


94.7 


Ag98.4Pd0.1Ta1 .5 


91.7 


91.7 


Ag98.9Pd0.1Ta3.0 


89.3 


89.7 


Ag98.4Pd1.5Ta0.1 


91.5 


91,7 


Ag97.0Pd1.5Ta1. 5 


86.8 


86.8 


Ag95.5Pd1.5Ta3.0 


84.2 


84.2 


Ag96.9Pd3.0Ta0.1 


85.6 


85.6 


Ag95.5Pd3.0Ta1 .5 


83.5 


83.5 


Ag94.0Pd3.0Ta3.0 


82.7 


82.7 


Ag99.8Pd0.1Mo0.1 


94.6 


94.7 


Ag98.4PdO.1Mo1 .5 


91.7 


91.7 


Ag96.9Pd0.1Mo3.0 


89.3 


89.7 


Ag98.4Pd1.5Mo0.1 


91.5 


91.7 


Ag97.0Pd1.5Mo1. 5 


86.8 


86.8 


Ag95.5Pd1.5Mo3.0 


84.2 


84.2 


Ag96.9Pd3.0Mo0.1 


85.6 


85.6 


Ag95.5Pd3.0Mo1. 5 


83.5 


83.5 


Ag94.0Pd3.0Mo3.0 


82.7 


82.7 


Ag9a.4Pd0.1Ni0.1 


96.1 


96,1 
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Table 4 (continued) 





MatprinI pnmnn^itinn (\A/t9iL\ 
■viaiwi lai ovi ii|JUoiuuil IWl/oy 


vjuuiiirii Wcjv6i6ngin 


ouumm wavGiengin 








rerieciion inoex ( /b/ 


5 
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yD.o 




Aa96 9PdO 1 Nli'^ 0 


Q4 


OkA A 

y4.o 




Aa98 4Pd1 5NiO 1 


Q9 7 


yo./ 


10 


Aa97 0Pd1 '5lSli1 S 




QO i 

y^.i 




Aa95 5Pd1 SNIi'^ 0 


Afi Q 


Qrt 7 
yu. / 




Aa96 9Pd3 OKfiO 1 


AA 1 


AA Q 

oo.y 


15 


Aa95 5Pd3 0Ni1 


A4 A 


AA 0 


Ao94 OPd'^ 0Ni3 O 


A9 7 


A^ A 
o4.D 




Aa99 8PdO 1AI0 1 


QA 1 


A/1 7<5 
04./D 




Aad8 4PdO 1 AH 5 


QA 1 


QA A 


20 


Aa96 9PdO lAH 0 


Q7 A 


QA i 
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QA <\ 


Q7 ft 
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25 


AnQ*=i ^Pril 'iAI^ n 




oc 0 

yo.y 


An96 QPH3 OAIO 1 


Qi 


y4.o 




Aa95 '^Pd') HAH ^ 


AA A 
OO.D 


QO 

yo 




AnQ4 0Pd3 nAI^ O 


00.1 


91.7 


30 


Aa99 SPdO IMhO i 




yo.o 




AnQft 4Pdn 1 Nh1 




y4.o 




AnQf^ QPdn 1Nh'^ O 


Q'i A 
90. 0 


94.2 


35 
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AnQ7 nPd1 (^Nhl ^ 




91.4 
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AO 
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AO y 


o4.7 




Aa99 SPdO lAuO 1 
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45 


AnQA 4Pdn 1 Aii1 




96.8 




AaQR QPdO 1Aii3 O 




96.1 




An98 4Pd1 '^AiiO 1 




94.5 




AnQ7 nPH1 f^Aui '^ 




94.3 


50 


AaQ^i '^Pdl '^Aii'^ n 


QO /I 


95.0 




Ag96.9Pd3.0Au0.1 


85.1 


AR 3 
09.9 




Ag95.5Pd3.0Au1 .5 


83.2 


83.3 


55 


Ag94.0Pd3.0Au3.0 


82.0 


82.8 




Ag99.8Ru0.1Au0.1 


96.6 


97.1 




Ag98.4RuO.1Au1. 5 


96.3 


96.7 
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Table 4 (continued) 





Material composition (wt%) 


500mm wavelength 


800mm wavelength 






reflection index (%) 


reflection index (%) 


5 


Ag96.9Ru0.1Au3.0 


95.8 


96.1 




Ag98.4Ru1.5Au0.1 


92.4 


94.4 




Ag97.0Ru1.5Au1 .5 


92.1 


94.3 


0 


Ag95.5Ru1.5Au3.0 


92.4 


95.0 




Ag96.9Ru3.0Au0.1 


85,1 


85.3 




Ag95.5Ru3.0Au1 .5 


83.2 


83.2 


'5 


Ag94.0Ru3.0Au3.0 


82.0 


82.8 


Ag99.8P€f0.1Ru0.1 


96.7 


97.1 




Ag98.4PdO.1Ru1, 5 


96.4 


96.6 




Ag96.9Pd0.1Ru3.0 


95.8 


96.5 


10 


Ag98.4Pd1.5Ru0.1 


92.3 


93.5 




Ag97.0Pd1.5Ru1. 5 


92.0 


94.3 




Ag95.5Pd1.5Ru3.0 


92.3 


95.0 


>6 


Ag96.9Pd3.0Ru0.1 


85.0 


85.3 


Ag95.5Pd3.0Ru1. 5 


83.3 


83,3 




Ag94.0Pd3.0Ru3.0 


82.1 


82.5 




AgAuX 


10 


Ag98.0Au2.0 


87.3 


92.2 




Ag97.0Au3.0 


86.1 


91.3 




Ag99.8Au0.1Cu0.1 


98.2 


98.8 




Ag99.4Au0.5Cu0.1 


98.1 


98.5 


Ag98.1Au0.9Cu1.0 


97.6 


98.0 




Ag98.9Au1,0Cu0.1 


96.5 


97.6 




Ag97.9Au2.0Cu0.1 


95.2 


96.9 




Ag96.9Au3.0Cu0.1 


93.7 


96.1 




Ag96.5Au3.0Cu0.5 


91.1 


94.7 




Ag94.0Au3.0Cu3.0 


85.6 


91.8 


ts 


Ag99.8Au0.1Ti0.1 


98.0 


98.5 


Ag99.4Au0,5Ti0.1 


97.8 


98.2 




Ag98.1Au0.9Tl1.0 


97.3 


97.9 




Ag98.9Au1.0Ti0.1 


96.6 


97.5 


iO 


Ag97.9Au2.0T10.1 


95.5 


97.1 




Ag96.9Au3.0Ti0.1 


93.9 


96.3 




Ag96.5Au3.0TI0.5 


92.3 


95.2 


i5 


Ag94.0Au3.0Ti3.0 


86.4 


90.8 


Ag99.8Au0.1Cr0.1 


94.6 


94.7 




Ag98.4Au0.1Cr1 .5 


93.4 


93.6 
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Table 4 (continued) 





Material composition 


500mm wavelength 


800mm wavelength 




AgAuX 


5 


Ag96.9Au0.1Cr3.0 


91.9 


92.4 




Ag98.4Au1.5Cr0.1 


90.2 


90.7 




Ag97,0Au1.5Cr1.5 


88.5 


89.3 


10 


Ag95.5Au1.5Cr3.0 


86.1 


86.6 




Ag96.9Au3.0Cr0.1 


84.9 


85.2 




Ag95.5Au3.0Cr1 .5 


83.4 


83.8 


15 


Ag94.0Au3.0Cr3.0 


82.6 


82.6 


Ag99.8Au0.1Ta0.1 


95.1 


95.3 




Ag98.4AuO.1Ta1. 5 


94.6 


95.0 




Ag96.9Au0.1Ta3.0 


93.4 


94.1 


20 


Ag98.6Au1.5Ta0.1 


91.8 


92.5 




Ag97.0Au1.5Ta1. 5 


90.4 


91.2 




Ag95.5Au1.5Ta3.0 


88.7 


89.9 


25 


Ag96.9Au3.0Ta0.1 


85.9 


87.6 


Ag95.5Au3.0Ta1. 5 


84.5 


85.9 




Ag94.0Au3.0Ta3.0 


82.8 


84.2 




Ag99.8Au0.1Mo0.1 


94.8 


95.1 


30 


Ag98.4Au0.1Mo1 .5 


94.2 


94.7 




Ag96.9Au0.1Mo3.0 


93.5 


94.0 




Ag98.4Au1.5Mo0.1 


92.3 


92.9 


35 


Ag97.0Au1.5Mo1. 5 


90.6 


91.5 


Ag95.5Au1.5Mo3.0 


89.7 


90.3 




Ag96.9Au3.0Mo0.1 


86.8 


88.6 




Ag95.5Au3.0Mo1 .5 


84.6 


86.4 




Ag94.0Au3.0Mo3.0 


82.7 


84.5 




Ag99.8Au0.1Ni0.1 


95.7 


95.9 




Ag98.4Au0.1Ni1.5 


95.2 


95.4 


45 


Ag96.9Au0.1Ni3.0 


93.9 


94.6 




Ag98.4Au1.5Ni0.1 


92.3 


93.5 




Ag97.0Au1.5Ni1. 5 


90,8 


91.9 




Ag95.5Au1.5NI3.0 


88.7 


90.6 




Ag96.9Au3.0Ni0.1 


85.9 


88.8 




Ag95.5Au3.0Ni1 .5 


84.4 


86.1 




Ag94.0Au3.0Ni3.0 


82.6 


84.5 


55 


Ag99.8Au0.1AI0.1 


98.0 


98.6 




Ag98.4Au0.1AI1.5 


97.9 


98.3 




Ag96.9Au0.1AI3.0 


97.5 


98.0 
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Table 4 (continued) 





Mat rial composition (wt%) 


500mm wavelength 


800mm wavelength 




AgAuX 


c 
O 


Ag98.4Au1.5AI0.1 


96.4 


97.5 




Ag97.0Au1.5AI1 .5 


95.2 


96.7 




Ag95.5Au1.5AI3.0 


93.4 


95.8 


ro 


Ag96.9Au3.0AI0.1 


90.8 


94.4 




Ag95.5Au3.0AI1 .5 


88.4 


92.8 




Ag94.0Au3.0AI3.0 


85.9 


91.5 




Ag99.8Au0.1Nb0.1 


94.8 


95.1 


Ag98.4Au0.1Nb1 .5 


94.3 


94.7 




Ag96.9Au0.1Nb3.0 


93.5 


94.1 




Ag98.4Au1.5Nb0.1 


92.1 


92.6 


>0 


Ag97.0Au1.5Nb1 .5 


90.5 


91.3 




Ag95.5Au1.5Nb3.0 


89.2 


90.1 




Ag96.9Au3.0Nb0.1 


86.4 


87.8 




Ag95.5Au3.0Nb1 .5 


84.3 


85.7 


>5 


Ag94.0Au3.0Nb3.0 


82.4 


84.5 




AgRuX 




Ag98.0Ru2.0 


86.3 


91.2 


W 


Ag97.0Ru3.0 


86.0 


91.3 




Ag99.8Ru0.1Cu0.1 


98.1 


98.8 




Ag99.4Ru0.5Cu0.1 


98.0 


98.6 


15 


Ag98.1Ru0.9Cu1.0 


97.6 


98.1 


Ag98.9Ru1.0Cu0.1 


96.5 


97.5 




Ag97.9Ru2.0Cu0.1 


95.2 


96.8 




Ag96.9Ru3.0Cu0.1 


93.7 


96.0 




Ag96.5Ru3.0Cu0.5 


91.1 


94.7 




Ag94.0Ru3.0Cu3.0 


85.6 


91.7 




Ag99.8Ru0.1Tf0.1 


98.0 


98.4 


fS 


Ag99.4Ru0.57l0.1 


97.7 


98.2 


Ag98.1Ru0.9Ti1.0 


97.2 


97.9 




Ag98.9Ru1.0Ti0.1 


96.5 


97.5 




Ag97.9Ru2.0T10.1 


95.4 


97.1 


50 


Ag96.9Ru3.0Ti0.1 


93.8 


96.3 




Ag96.5Ru3.0Ti0.5 


92.1 


95.2 




Ag94.0Ru3.0TO.O 


86.4 


90.8 




Ag99.8Ru0.1Cr0.1 


94.6 


94.7 




Ag98.4RuO.1Cr1 .5 


93.4 


92.6 




Ag96.9Ru0.1Cr3.0 


91.9 


92.4 
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Table 4 (continued) 





AgRuX 




Ag98.4Ru1.5Cr0.1 


90.5 


91,7 


5 


Ag97.0Ru1.5Cr1 .5 


88.2 


88.3 




Ag95.5Ru1.5Cr3.0 


86.1 


86.6 




Ag96.9Ru3.0Cr0.1 


84.8 


84.2 


10 


Ag95.5Ru3.0Cr1 .5 


83.3 


83.8 




Ag94.0Ru3.0Cr3.0 


82.4 


82.6 




Ag99.8Ru0.1Ta0.1 


95.0 


95.3 


15 


Ag98.4Ru0.1Ta1. 5 


94.6 


95.0 


Ag96.9Ru0.1Ta3.0 


93.4 


94.1 




Ag98.4Ru1.5Ta0.1 


91.8 


92.5 




Ag97.0Ru1.5Ta1. 5 


90.4 


91.2 


20 


Ag95.5Ru1.5Ta3.0 


88.7 


89.9 




Ag96.9Ru3.0Ta0.1 


85.9 


87.6 




Ag95.5Ru3.0Ta1. 5 


84.5 


85.9 


25 


Ag94.0Ru3.0Ta3.0 


82.6 


84.2 


Ag99.8Ru0.1IVio0.1 


94.7 


95.1 




Ag98.4RuO.1Mo1 .5 


94.1 


94.7 




Ag96.9Ru0.1Mo3.0 


93.3 


94.0 


30 


Ag98.4Ru1.5MoO,1 


92.2 


92.9 




Ag97.0Ru1.5Mo1 .5 


90.5 


91.5 




Ag95.5Ru1.5Mo3.0 


89.9 


91.3 


35 


Ag96.9Ru3.0Mo0.1 


86.8 


88.6 


Ag95.5Ru3.0Mo1. 5 


84.8 


86.3 




Ag94.0Ru3.0Mo3.0 


82.6 


84.5 




Ag99.8Ru0.1NiiO.'S 


96.7 


97.2 




Ag98.4Ru0.1Ni1.5 


96.5 


96.9 




Ag96.9Ru0.1Ni3.0 


96.1 


96.3 




Ag98.4Ru1.5NiD.1 


95.3 


95.8 


45 


Ag97.0Ru1.5Ni1. 5 


93.7 


94.7 




Ag95.5Ru1.5Ni3.0 


91.2 


93.3 




Ag96.9Ru3.0Ni0.1 


88.4 


91.7 




Ag95.5Ru3.0Ni1 .5 


85.0 


87.2 


50 


Ag94.0Ru3.0Ni3.0 


83.5 


85.6 




Ag99.8Ru0.1AI0.1 


98.0 


98.4 




Ag98.4Ru0.1AI1.5 


97.9 


98.2 


55 


Ag96.9Rua.1AI3.0 


97.5 


98.1 




Ag98.4Ru1.5AI0.1 


96.4 


97.5 




Ag97.0Ru1.5AI1. 5 


95.2 


96.5 
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Table 4 (continued) 



AgRuX 


Agg5.5Ru1.5AI3.0 


93.4 


95.8 


Ag96.9Ru3.0AI0.1 


90.8 


94.4 


Ag95.5Ru3.0AI1. 5 


88.4 


92.7 


Ag94.0Ru3.0A!3.0 


85.4 


91.5 


Ag99.8Ru0.1Nb0.1 


94.7 


95.2 


Ag98.4RuO.1Nb1 .5 


94.3 


94.7 


Ag96.9Ru0.1Nb3.0 


93.4 


94.1 


Ag98.4Ru1.5Nb0.1 


92.1 


92.5 


Ag97.0Ru1.5Nb1 .5 


90.2 


91.3 


Ag95.5Ru1.5Nb3.0 


88.1 


90.0 


Ag96.9Ru3.0Nb0.1 


85.2 


87.8 


Ag95.5Ru3.0Nb1 .5 


84.1 


85.7 


Ag94.0Ru3.0Nb3.0 


82.4 


84.5 



[0066] Thus, it was revealed that the Ag-alioy layers of the present invention were very useful as reflectors or reflective 
wiring el ctrodes for reflectiorv-type liquid crystal display devices. 



Example 3 

[0067] In this Example, the utility of the ternary Ag-alloy layer as infrared-ray or heat-ray reflecting layers for building 
glass was studied. Further, the adaptability of the ternary layer to a resin substrate under high temperature and high 
humidity conditions was studied. 

[0068] The tests on weather resistance under high temperature and high humidity conditions were carried out with 
regard to the ternary Ag-allby layers, compared with binary Ag-alloy layers including Ag-Pd alloy layers, Ag-Au alloy 
layers and Ag-Ru alloy layers. The temary Ag-alloy layers were deposited on all kinds of substrates (substrates made 
of non-alkali glass, low-alkali glass, borosilicate glass, and quartz glass) by temary simultaneous sputtering. The 
change of the Ag-alloy layers was examined over time in an atmosphere of 90 **C and 90 % humidity. 
[0069] The tests for weather resistance were carried out with regard to monolayers of the temary reflecting layers 
and laminates of the base film and the temary reflecting layer. For the monolayers, the ternary reflecting layer was 
directly deposited on the substrate. For the laminates, the base film such ITO, Zn02. Zn02-Al203 composite oxide and 
Si02 was deposited on the substrate and then the Ag-alloy reflecting layer was deposited on the base film. The differ- 
ence between the monolayers and the laminates was also evaluated. 

[0070] The results showed that both the monolayers of the temary reflecting layer and the laminate^ of the base film 
and the Ag-alloy reflecting layer have higher weather resistance than the monolayers of the binary reflecting layers. 
The temary reflecting layers maintained heat resistance, reflection index, and weather resistance, independent of the 
base film. It was confirmed that the temary reflecting layers of the present invention were more useful than the con- 
ventional binary reflecting layer as Infrared-ray or heat-ray reflecting layers for building glass such as windowpanes 
(data not shown). 

[0071] Widely used conventional reflecting layers made of Al. an Al alloy, Ag. an Ag-Pd alloy react with a resin 
substrate at the adhesive interface when kept under high temperature and high humidity conditions. The following tests 
were conducted on the chemical stability of the reflecting layers of the present invention against the resin substrates 
under high temperature and high humidity conditions. 

[0072] To confirm the chemical stability of the temary reflecting layers of the present invention, the reflecting layers 
were deposited at a thickness of 15nm on the resin layer of PMMA. PET. PC, silicone, and the like by temary simulta- 
n ous sputtering. The layers were kept under high temperature and high humidity conditions for 24 hours. The change 
in appearance and reflection characteristics over time was examined. 
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Table 5 





Material composition (wt%) 


Results of high temperature and high humidity tests 


5 




wi icii iijc III i^iidiiiC'Cii ui idi aLrlci lollv^o 

(decrease in reflection index) 


Visual change to a dull white color, 
detachment from the substrate 




Ag98.0Pd2.0 


many black stains 


detachment occured 




Ag97.0Pd3.0 


moderate black stains 


detachment occured 


10 


Ag99.8Pd0.1Cu0.1 


no change 


less color change 




Ag99.4Pd0.5Cu0.1 


no change 


no change 




Ag98.1Pd0.9Cu1.0 


no change 


no change 


15 


Ag98.9Pd1.0Cu0.1 


no change 


no change 




Ag97.9Pd2.0Cu0.1 


no change 


no change 




Ag98.9Pd3.0Cu0.1 


no change 


no change 




Ag96.5Pd3.0Cu0. 5 


no change 


no change 


20 


Ag94.0Pd3.0Cu3.0 


no change 


no change 




Ag99.4Pd0.1Ti0.1 


no change 


no change 




Ag99.4Pd0.5Ti0.1 


no change 


no change 


25 


Ag98.1Pd0.9Ti1.0 


no change 


no change 




Ag98.9Pd1.0Ti0.1 


no change 


no change 




Ag97.9Pd2.0Ti0.1 


no change 


no change 




Ag96.9Pd3.0Ti0.1 


no change 


no change 


30 


Ag96.5Pd3.0T1 0.5 


no change 


no change 




Ag94.0Pd3.0T13.0 


no change 


no change 




Ag99.8Pd0.1Au0.1 


no change 


no change 


35 


Ag98.4PdO.1Au1. 5 


no change 


no change 




Ag96.9Pd0.1Au3.0 


no change 


no change 




Ag98.4Pd1.5Au0.1 


no change 


no change 




Ag97.0Pd1.5Au1. 5 


no change 


no change 




Ag95.5Pd1.5Au3.0 


no change 


no change 




Ag96.9Pd3.0Au0.1 


no change 


no change 




Ag95.5Pd3.0Au1. 5 


no change 


no change 


45 


Ag94.0Pd3.0Au3.0 


no change 


no change 




Ag99.8Pd0.1Cr0.1 


no change 


no change 




Ag98.4PdO.1Cr1 .5 


no change 


no change 




Ag96.9Pd0.1Cr3.0 


no change 


no change 


SO 


Ag98.4Pd1.5Cr0.1 


no change 


no change 




Ag97.0Pd1.5Cr 1.5 


no change 


no change 




Ag95.5Pd1.5Cr3.0 


no change 


no change 


55 


Ag96.9Pd3.0Cr0.1 


no change 


no change 




Ag95.5Pd3.0Cr1 .5 


no change 


no change 




Ag94.0Pd3.0Cr3.0 


no change 


no change 
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Table 5 (continued) 



Material composition (wt%) 


Results of high temperature and high humidity tests 


Chang in chemical characteristics 
(decrease in reflection index) 


Visual change to a dull white colon 
detachment from the substrate 


Ag99.8Pd0.1Ta0.1 


no Chang 


no change 


Ag98.4PdO.1Ta1. 5 


no change 


no change 


Ag96.9Pd0.1Ta3.0 


no change 


no change 


Ag98.4Pd1.5Ta0.1 


no change 


no change 


Ag97.0Pd1.5Ta1. 5 


no change 


no change 


Ag95.5Pd1.5Ta3.0 


no change 


no change 


Ag96.9Pd3.0Ta0.1 


no change 


no change 


Ag95.5Pd3.0Ta1. 5 


no change 


no change 


Ag94.0Pd3.0Ta3.0 


no change 


no change 


Ag99.8Pd0.1Mo0.1 


no change 


no change 


Ag98.4PdO.1Mo1 .5 


no change 


no change 


Ag96.9Pd0.1Mo3.0 


no change 


no change 


Ag98.4Pd1.5Mo0.1 


no change 


no change 


Ag97.0Pd1.5Mo1. 5 


no change 


no change 


Ag95.5Pd1.5Mo3.0 


no change 


no change 


Ag96.9Pd3.0Mo0.1 


no change 


no change 


Ag95.5Pd3.0Mo1 .5 


no change 


no change 


Ag94.0Pd3.0Mo3.0 


no change 


no change 


Ag98.4Pd0.1Ni0.1 


no change 


no change 


Ag98.4Pd0.1Ni1.5 


no change 


no change 


Ag96.9Pd0.1NI3.0 


no change 


no change 


Ag98.4Pd1.5Ni0.1 


no change 


no change 


Ag97.0Pd1.5Ni1 .5 


no change 


no change 


Ag95.5Pd1.5Ni3.0 


no change 


no change 


Ag96.9Pd3.0Ni0.1 


no change 


no change 


Ag95.5Pd3.0Ni1. 5 


no change 


no change 


Ag94.0Pd3.0Ni3.0 


no change 


no change 


Ag99.8Pd0.1A[0.1 


no change 


no change 


Ag98.4Pd0.1AI1.5 


no change 


no change 


Ag96.9Pd0.1AI3.0 


no change 


no change 


Ag98.4Pd1.5AI0.1 


no change 


no change 


Ag97.0Pd1 .5AI1 .5 


no change 


no change 


Ag95.5Pd1.5AI3.0 


no change 


no change 


Ag96.9Pd3.0AI0.1 


no change 


no change 


Ag95.5Pd3.0AI1. 5 


no change 


no change 


Ag94.0Pd3.0AI3.0 


no change 


no change 
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Table 5 (continued) 



Material composition (wt%) 


Results of high temperature and high humidity tests 


Change in chemical characteristics 
(decrease in reflection index) 


Visual change to a dull white color, 
detachment from the substrate 


Ag99.8Pd0.1Nb0.1 


no change 


no change 


Ag98.4PdO,1Nb1.5 


no change 


no change 


Ag96.9Pd0.1Nb3.0 


no change 


no change 


Ag98.4Pd1.5Nb0.1 


no change 


no change 


Ag97.0Pd1.5Nb1 .5 


no change 


no change 


Ag95.5Pd1.5Nb3.0 


no change 


no change 


Ag96.9Pd3.0Nb0.1 


no change 


no change 


Ag95.5Pd3.0Nb1 .5 


no change 


no change 


Ag94.0Pd3.0Nb3.0 


no change 


no change 


Ag99.8Ru0.1Au0.1 


no change 


no change 


Ag98.4RuO.1Au 1.5 


no change 


no change 


Ag96.9Ru0.1Au3.0 


no change 


no change 


Ag98.4Ru1.5Au0.1 


no change 


no change 


Ag97.0Ru1.5Au1, 5 


no change 


no change 


Ag95.5Ru1.5Au3.0 


no change 


no change 


Ag96.9Ru3.0Au0.1 


no change 


no change 


Ag95.5Ru3.0Au 1.5 


no change 


no change 


Ag94.0Ru3.0Au3.0 


no change 


no change 


Ag99.8Pd0.1Ru0.1 


no change 


no change 


Ag98.4Pd0.1Ru1. 5 


no change 


no change 


Ag96.9Pd0.1Ru3.0 


no change 


no change 


Ag98.4Pd1.5Ru0.1 


no change 


no change 


Ag97.0Pd1.5Ru 1.5 


no change 


no change 


Ag95.5Pd1.5Ru3.0 


no change 


no change 


Ag96.9Pd3.0Ru0.1 


no change 


no change 


Ag95.5Pd3.0Ru1. 5 


no change 


no change 


Ag94.0Pd3.0Ru3.0 


no change 


no change 


AgAuX 


Ag98.0Au2.0 


many black stains 


detachment occured 


Ag97.0Au3.0 


moderate black stains 


detachment occured 


Ag99.8Au0.1Cu0.1 


no change 


no change 


Ag99.4Au0.5Cu0.1 


no change 


no change 


Ag98.1Au0.9Cu1.0 


no change 


no change 


Ag98.9Au1.0Cu0.1 


no change 


no change 


Ag97.9Au2.0Cu0.1 


no change 


no change 


Ag96.9Au3.0Cu0.1 


no change 


no change 
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Table 5 (continued) 



AgAuX 


Ag96.5Au3.0Cu0.5 


no change 


no change 


Ag94.0Au3.0Cu3.0 


no change 


no change 


Ag99.8Au0.1Ti0.1 


no change 


no change 


Ag99.4Au0.5Ti0.1 


no change 


no change 


Ag98.1Au0.9Ti1.0 


no change 


no change 


Ag98.9Au1.0mi 


no change 


no change 


Ag97.9Au2.0T!0.1 


no change 


no change 


Ag96.9Au3.0n0.1 


no change 


no change 


Ag96.5Au3.0T10.5 


no change 


no change 


Ag94.0Au3.0Ti3.0 


no change 


no change 


Ag99.8Au0.1Cr0.1 


no change 


no change 


Ag98.4AuO.1Cr1 .5 


no change 


no change 


Ag96.9Au0.1Cr3.0 


no change 


no change 


Ag98.4Au1.5Cr0.1 


no change 


no change 


Ag97.0Au1.5Cr1 .5 


no change 


no change 


Ag95.5Au1.5Cr3.0 


no change 


no change 


Ag96.9Au3.0Cr0.1 


no change 


no change 


Ag95.5Au3.0Cr1 .5 


no change 


no change 


Ag94.0Au3.0Cr3.0 


no change 


no change 


Ag99.8Au0.1Ta0.1 


no change 


no change 


Ag98.4AuO.1Ta1 .5 


no change 


no change 


Ag96.9Au0.1Ta3.0 


no change 


no change 


Ag98.6Au1.5Ta0.1 


no change 


no change 


Ag97.0Au1.5Ta1. 5 


no change 


no change 


Ag95.5Au1.5Ta3.0 


no change 


no change 


Ag96.9Au3.0Ta0.1 


no change 


no change 


Ag95.5Au3.0Ta1. 5 


no change 


no change 


Ag94.0Au3.0Ta3.0 


no change 


no change 


Ag99.8Au0.1Mo0.1 


no change 


no change 


Ag98.4Au0.1Mo1. 5 


no change 


no change 


Ag96.9Au0.1Mo3.0 


no change 


no change 


Ag98.4Au1.5Mo0.1 


no change 


no change 


Ag97,0Au1.5Mo1.5 


no change 


no change 


Ag95.5Au1.5Mo3.0 


no change 


no change 


Ag96.9Au3.0Mo0.1 


no change 


no change 


Ag95.5Au3.0Mo1 .5 


no change 


no change 


Ag94.0Au3.0Mo3.0 


no change 


no change 


Ag99.8Au0.1Ni0.1 


no change 


no change 
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Table 5 (continued) 



AgAuX 


Ag98.4AuO.1Ni1 .5 


no change 


no change 


Ag96.9Au0.1 Ni3.0 


no change 


no change 


Ag98.4Au1 .oNiO.I 


no change 


no change 


Ag97.0Au1 .5Ni1 .5 


no change 


no change 


Ag95.5Au1 .5Ni3.0 


no change 


no change 


Ag96.9Au3.0Ni0. 1 


no change 


no change 


Ag95.5Au3.0Ni1 .5 


no change 


no change 


A — .ril A > #%AI!0 A 

Ag94.0Au3.0Ni3.0 


no change 


no change 


Ag99.8Au0.1AI0.1 


no change 


no change 


Ag98.4Au0.1 AM .5 


no change 


no change 


Ag96.9Au0.1AI3.0 


no change 


no change 


Ag98.4Au1.5AI0.1 


no change 


no change 


Ag97.0Au1.5AI1. 5 


no change 


no change 


Ag95.6Au1.5AI3.0 


no change 


no change 


Ag96.9Au3.0AI0. 1 


no change 


no change 


Ag95.5Au3.0AI1 .5 


no change 


no change 


A A ^\ A ^ ^ A A A 

Ag94.0Au3.0AI3.0 


no change 


no change 


Ag99.8Au0.1 NbO.1 


no change 


no change 


Ag98.4Au0.1 Nbl .5 


no change 


no change 


Ag96.9Au0.1 Nb3.0 


no change 


no change 


Ag98.4Au1.5Nb0.1 


no change 


no change 


Ag97.0Au1 .5Nb1 .5 


no change 


no change 


Ag95.5Au1 .5Nb3.0 


no change 


no change 


Ag96.9Au3.0Nb0. 1 


no change 


no change 


Ag95.5Au3.0Nb1 .5 


no change 


no change 


A ^% A A A ^A ■■_ A 

Ag94.0Au3.0Nb3.0 


no change 


no change 


AgRuX 






Ag98.0Ru2.0 


many black stains 


detachment occured 


Ag97.0Ru3.0 


moderate black stains 


detachment occured 


Ag99.8Ru0.1 CuO.1 


no change 


no change 


Ag99.4Ru0.5Cu0, 1 


no change 


no change 


Ag98.1RuO.9Cu 1.0 


no change 


no change 


AnQA QRiii OOiin 1 


no change 


no change 


Ag97.9Ru2.0Cu0. 1 


no change 


no change 


Ag96.9Ru3.0Cu0.1 


no change 


no change 


Ag96.5Ru3.0Cu0.5 


no change 


no change 


Ag94.0Ru3.0Cu3.0 


no Chang 


no change 


Ag99.8Ru0.1Ti0.1 


no Change 


no change 
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Table 5 (continued) 



AgRuX 


Ag99.4Ru0.5Ti0.1 


no change 


no change 


Ag98.1Ru0.9Tl1.0 


no change 


no change 


Ag98.9Ru1.0Ti0.1 


no change 


no change 


Ag97.9Ru2.0Ti0.1 


no change 


no change 


Ag96.9Ru3.0Ti0.1 


no change 


no change 


Ag96.5Ru3.0Ti0.5 


no change 


no change 


Ag94.0Ru3.0Ti3.0 


no change 


no change 


A999.8RuO.ICrO. 1 


no change 


no change 


Ag98.4RuO.1Cr1 .5 


no change 


no change 


Ag96.9Ru0.1Cr3.0 


no change 


no change 


Ag98.4Ru1.5Cr0.1 


no change 


no change 


Ag97.0Ru1.5Cr1 .5 


no change 


no change 


Ag95.5Ru1.5Cr3.0 


no change 


no change 


Ag96.9Ru3.0Cr0.1 


no change 


no change 


Ag95.5Ru3.0Cr1 .5 


no change 


no change 


Ag94.0Ru3.0Cr3.0 


no change 


no change 


Ag99.8Ru0.1Ta0.1 


no change 


no change 


Ag98.4RuO.1Ta1 .5 


no change 


no change 


Ag96.9Ru0.1Ta3.0 


no change 


no change 


Ag98.4Ru1.5Ta0.1 


no change 


no change 


Ag97.0Ru1.5Ta1. 5 


no change 


no change 


Ag95.5Ru1.5Ta3.0 


no change 


no change 


Ag96.9Ru3.0Ta0.1 


no change 


no change 


Ag95.5Ru3.0Ta1. 5 


no change 


no change 


Ag94.0Ru3.0Ta3.0 


no change 


no change 


Ag99.8Ru0.1Mo0.1 


no change 


no change 


Ag98.4RuO.1Mo1 .5 


no change 


no change 


Ag96.9Ru0.1Mo3.0 


no change 


no change 


Ag98.4Ru1.5Mo0.1 


no change 


no change 


Ag97.0Ru1.5Mo1. 5 


no change 


no change 


Ag95.5Ru1.5Mo3.0 


no change 


no change 


Ag96.9Ru3.0Mo0.1 


no change 


no change 


Ag95.5Ru3.0Mol.5 


no change 


no change 


Ag94.0Ru3.0Mo3.0 


no change 


no change 


Ag99.8Ru0.1Ni0.1 


no change 


no change 


Ag98.4Ru0.1Ni1.5 


no change 


no change 


Ag96.9RuO.1Ni3. 0 


no change 


no change 


Ag98.4Ru1.5Ni0.1 


no change 


no change 
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Table 5 (continued) 



AgRuX 


Ag97.0Ru1.5Ni1 .5 


no change 


no change 


Ag95.5Ru1.5NI3.0 


no change 


no change 


Ag96.9Ru3.0Ni0.1 


no change 


no change 


Ag95.5Ru3.0Ni1. 5 


no change 


no change 


Ag94.0Ru3.0Ni3.0 


no change 


no change 


Ag99.8Ru0.1AI0.1 


no change 


no change 


Ag98.4Ru0.1AI1.5 


no change 


no change 


Ag96.9Ru0.1AI3.0 


no change 


no change 


Ag98.4Ru1.5AI0.1 


no change 


no change 


Ag97.0Ru1.5AI1 .5 


no change 


no change 


Ag95.5Ru1.5AI3.0 


no change 


no change 


Ag96.9Ru3.0AI0.1 


no change 


no change 


Ag95.5Ru3.0AI1. 5 


no change 


no change 


Ag94.0Ru3.0AI3.0 


no change 


no change 


Ag99.8RuO.1NbO. 1 


no change 


no change 


Ag98.4Ru0.1Nb1 .5 


no change 


no change 


Ag96.9Ru0.1Nb3.0 


no change 


no change 


Ag98.4Ru1.5Nb0.1 


no change 


no change 


Ag97.0Ru1.5Nb1. 5 


no change 


no change 


Ag95.5Ru1.5Nb3.0 


no change 


no change 


Ag96.9Ru3.0Nb0.1 


no change 


no change 


Ag95.5Ru3.0Nb1 .5 


no change 


no change 


Ag94.0Ru3.0Nb3.0 


no change 


no change 



[0073] As shown in Table 5. no change was observed with the ternary Ag-alloy reflecting layers after 24 hours. When 
the reflection index of the ternary reflecting layer on the various resin substrates was measured by a spectrophotometer, 
no decrease in reflection index was observed at the optical wavelength of 565 nm. which is useful for reflection-type 
liquid crystal display devices, and in the optical wavelength regions from 400nm to 4 m, which is required for building 
glass (data not shown). 

[0074] The ternary reflecting layers of the present invention proved to have high chemical stability against resin and 
to be not limited to a particular substrate material unlike conventional layers. 

Example 4 

[0075] Adhesion between the ternary reflecting layers of the present invention and various substrates and the effect 
of the base film, which was placed between the reflecting layer and the substrate, on the adhesion were examined. 
[0076] Firstly, the reflecting layers were deposited directly on the substrates of PMMA, PET. PC, silicone, acrylic 
resin, non-alkali glass, low-alkali glass, borosillcate glass, and quartz glass by RF sputtering to form a laminate. A JIS 
(Japanese Industrial Standard) cellophane tape was attached to the reflecting layer. The detachment of the reflecting 
layer from the substrate when the tape was stripped of at given tension was observed. In addion. the laminate was 
d Iced with a cutter and dipped in pure water in a beaker. Ultrasonic waves were applied to the pure water. The frequency 
of the ultrasonic waves was 50KHz and the electric power was 100W. After the application of the ultrasonic waves, 
detachment of the refl cting layer was observed under a x40 microscope and the necessity of the base film was ex- 
amined. 

[0077] No detachment was observed with PMMA. PET, PC. silicone, and acrylic resin. The reflecting layer of the 
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present inv ntion was much more adhesiv to the resin substrates compared with conventional layers of Al, Al alloy, 
Ag. or Ag alloy. 

[0078] On the other hand, partially or extensive detachment was observed with non-alkali glass, tow>alkali glass, 
borosilicate glass, and quartz glass. The reflecting layer of the present invention had poor adhesion to the glass sub- 
strates although the d gree of detachment is different in cases (data not shown). 

[0079] Secondarily, to Improve adhesion of the reflecting layer to the glass substrate or to attain high reflecting per- 
formance without impairing the reflection Index of the reflecting layer, the base film of SI, Ta, Ti, Mo, Cr, Al, ITO. Zn02. 
Si02, "n02, Ta205. Zr02. In203. Sn02, Nb205, or MgO was applied to the substrates of PMMA. PET, PC, silicone, 
acrylic resin, non-alkali glass, low-alkali glass, borosilicate glass, and quartz glass by RF sputtering. Then the ternary 
r fleeting layer of the present invention was deposited on the base film by RF sputtering to form a laminate. A strip of 
JIS cellophane tape was attached to the uppermost layer. The detachment of the reflecting layer from the substrate 
when the tape was stripped of at given tension was observed as described above. In addition, the laminate was diced 
with a cutter and dipped In pure water In a beaker. Ultrasonic waves were applied to the pure water. The frequency of 
the ultrasonic waves was 50KHz and the electric power was 100W. After the application of the ultrasonic waves, de- 
tachment of the reflecting layer was observed under a x40 microscope and the effect of the base film was examined. 
[0080] As shown in Table 6. when the base film was used, no detachment was observed whether the reflecting layer 
was pure Ag or an Ag alloy. The reflection index of the reflecting layer used in the tests was measured by a spectro- 
photometer. Table 7 showed that not only the adhesion but also the reflection index were improved when a specific 
base film (Ti02-Nb205) was used. 



Table 6 



Material of base film 


Detachment tests 


5min 


10min 


15min 


20min 


In203 


no detachment 


no detachment 


no detachment 


no detachment 


Sn02 


no detachment 


no detachment 


no detachrhent 


no detachment 


NbgOg 


no detachment 


no detachment 


no detachment 


no detachment 


MgO 


no detachment 


no detachment 


no detachment 


no detachment 


ITO 


no detachment 


no detachment 


no detachment 


no detachment 


Zn02 


no detachment 


no detachment 


no detachment 


no detachment 


SIO2 


no detachment 


no detachment 


no detachment 


no detachment 


Ti02 


no detachment 


no detachment 


no detachment 


no detachment 


Ta205 


no detachment 


no detachment 


no detachment 


no detachment 


Zr02 


no detachment 


no detachment 


no detachment 


no detachment 


Si 


no detachment 


no detachment 


no detachment 


no detachment 


Ta 


no detachment 


no detachment 


no detachment 


no detachment 


Ti 


no detachment 


no detachment 


no detachment 


no detachment 


Mo 


no detachment 


no detachment 


no detachment 


no detachment 


Cr 


no detachment 


no detachment 


no detachment 


no detachment 


Al 


no detachment 


no detachment 


no detachment 


no detachment 



Table 7 



Material 


wavelength 
400.00 nm 


wavelength 
450.00 nm 


wavelength 
500.00 nm 


wavelength 
550.00 nm 


wavelength 
565.00 nm 


reflection index 
{%) 


reflection index 
(%) 


reflection index 
(%) 


reflection index 
(%) 


reflection index 
(%) 


pure Ag 


94.80 


96.60 


97.70 


97.90 


98.00 


AgPd 


92.30 


94.05 


95.12 


95.32 


95.42 
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Table 7 (continued) 





Material 


wavelength 
400.00 nm 


wavelength 
450.00 nm 


wavelength 
500.00 nm 


wavelength 
550.00 nm 


wavelength 
565.00 nm 


5 




reflection Index 

(%) 


reflection index 
(%) 


reflection index 
(%) 


reflection index 
(%) 


reflection index 
(%) 




AgPauu 


91.50 


92.40 


93.60 


94.10 


93.36 


10 


AgrO 1 1 


oo an 

oo.yu 


90.59 


91.62 


91.81 


91.90 




DO Af\ 

00.4U 


90.08 


91.11 


91.29 


91.38 




Agra la 


oo on 


89.98 


91.00 


91.19 


91.28 




Ag KG MO 


QQ r\r\ 


on C7 

89.67 


90.69 


90.88 


90.97 


15 


Agr'aiMl 


oo on 
00.20 


89.77 


90.89 


90.98 


91.17 




AgKuAl 


oo nn 
00.90 


90.49 


91.61 


91.70 


91.79 




AgrOIND 


88.80 


90.38 


91.51 


91.60 


91.79 


20 


AgAu 


no on 

92.80 


94.56 


95.64 


95.83 


95.93 


AgAUOU 


no AC 
92.46 


94.22 


95.29 


95,48 


95.58 




AgAuTl 


O O A A 

00.44 


90.12 


91.15 


91.33 


91.43 




AgAuCr 


oo c o 
OO.OD 


90.24 


91 .27 


91.46 


91.55 


25 


AgAuTa 


88.30 


89.98 


91.00 


91.19 


91.28 




AgAuNi 


oo nn 
OO.OO 


89.67 


90.69 


90.88 


90.97 




AgAu Mo 


88.10 


89.77 


90-80 


90.98 


91.07 


30 


AgAu r a 


89.00 


90.69 


91.72 


91.91 


92.00 


AgAuAl 


88.70 


90.39 


91.41 


91.60 


91.69 




AgAUND 


oo fin 

oS.oO 


90.28 


91.31 


91.50 


91.59 




AgRu 


on nn 
o9.00 


90.69 


91.72 


91.91 


92.00 


35 


AgKUUU 


O O A CZ 

00.45 


90.13 


91.16 


91.34 


91.44 




AgRuTi 


88.34 


90.02 


91.04 


91.23 


91.32 




AgKuur 


88.76 


90.45 


91.48 


91.66 


91.76 




AgRuTa 


88.23 


89.91 


90.93 


91.12 


91.21 




AgRuNi 


87.80 


ftp 47 


on 




90.76 




AgRu Mo 


88.44 


90.12 


91.15 


91.33 


91.43 




AgRuPd 


87.67 


89.34 


90.35 


90.54 


90.63 


45 


AgRuAl 


88.97 


90.66 


91.69 


91.88 


91.97 




AgRuNb 


87.98 


89.65 


90.67 


90.86 


90.95 



[0081] Particularty, the base films of Ti02. Ta205. Zr02, In203, Sn02, Nb205. and Mg had high refraction indices and 
SQ low absorptivities, as represented by In203-Nb205 In Table 8. Changes in optical characteristics based on the refraction 
index were prevented in these films. 
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Table 8 



0 





ln203-15wt%Nb2 


12.5\Art%NB205 


\n2Oy 
10wt%NB2O5 


InjOg- 

r*. » ^ftx Kin 

7.5\Art%NB205 


ln203-5wt%NB205 


refraction index 


refraction index 


refraction index 


refraction index 


refraction index 














450 


2.26 


2.25 


2.26 


2.23 


2.26 


500 


2.22 


2.21 


2.21 


2.18 


2.20 


550 


2.19 


2.18 


2.18 


2.16 


2,17 


560 


2.19 


2.18 


2.17 


2.15 


2.17 



Example 5 

[0082] The effect of a coating layer on heat resistance and reflection index of the reflecting layer was examined. On 
the conventional Ag reflecting layers (pure Ag or binary Ag alloy) or the ternary reflecting layers of the present invention, 
a coating layer that includes IngOg as a main component and at least one of Sn02, Nb205, Si02, MgO and Ta205 was 
deposited to form a laminate. The laminate was annealed at the temperature 250 °C. which is the temperature applied 
to the substrate during the manufecturing process of the liquid crystal display device. 

[0083] Without a coating layer, the optical absorptivity of reflecting layer increased after annealing, which led to 
deterioration of the layer, as shown in Table 9. The experimental data of optical absorptivity when the coating layer 
was used for heat resistance were shown in Tables 10 to 12. 
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Material 


AgRu 


AgRuCu 


AgRuTI 


AgRuCr 


AgRuTa 


AgRuNI 


AgRuMo 


AgRuPd 


AgRuAI 


AgRuNb 
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5 








wavelength 
565 nm 


absorptivity 
(%) 


5.05 


8.98 


8.05 


8.00 


8.04 


8.02 


7.25 


7.11 


7.76 




8.85 


7.36 


8.00 


8.04 


8.00 


7.25 


8.00 ' 


8.02 


8.00 ' 


7.24 


10 








wavelength 
550 nm 


absorptivity 

{%) 


5.71 


6.23 


8.74 


8.76 


8.75 


8.54 


8.45 


8.25 


8.42 


8.26 


6.12 


8.25 


8.73 


8.75 


8.54 


8.41 


8.73 


8.74 


8.56 


8.41 


15 
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absorptivity 
(%)) 


5.81 


8.68 


\ — 

o> 


lO 
CO 


10.69 


■«r 
iq 


a> 
iq 


10.94 


o> 
eo 


oo 

p 


8.52 


IO 

CSI 


o 

CO 


10.25 


m 
in 


o 

CNI 


00 


10.21 


CM 

iq 


CM 


20 








wavelength 
450 nm 


absorptivity 
(%) 


16.64 


14.59 


18.64 


17.68 


18.65 


18.54 


18.67 


18.55 


18.41 


18.53 


14.45 


18.66 


17.67 


18.64 


18.53 


18.66 


17.65 


18.61 


18.51 


18.62 


25 


O 




o 

Q. 
(D 

■o 

(0 
03 
CM 

o 

CO 


wavelength 
400 nm 


absorptivity 
(%) 


34.5 


27.8 


35.8 


36.8 


35.9 


36.2 


36.5 


36.29 


36.58 


36.99 


27.7 


36.5 


36.3 


36.2 


36.5 


36.4 


36.8 


37.0 


36.7 


37.1 


30 


Table 1 






wavelength 
565 nm 


absorptivity 

(%) 


5.02 


6.96 


6.28 


7.59 


7.96 


7.58 


7.21 


7,37 


7.64 


6.93 


7.99 


7.25 


7.96 


7.58 


7.21 


7.58 


7.58 


7.21 


7.85 


7.14 


35 








wavelength 
550 nm 


absorptivity 

(%) 


4.72 


5.23 


6.77 


8.58 


8.58 


8.50 


8.41 


8.29 


8.33 


8.29 


5.10 


8.56 


8.58 


8.50 


8.41 


8.50 


8.50 


8.41 


8.45 


8.41 










wavelength 
500 nm 


absorptivity 

(%) 


4.92 


5.68 


8.94 


11.45 


10.59 


11.34 


11.15 


11.07 


CO 
o 


10,86 


5.50 


11.45 


10.59 


m 


IT) 

\ — 


CM 
CO 


oo 

iq 




p 




45 








wavelength 
450 nm 


absorptivity 

(%) 


11.65 


12.59 


13.06 1 


17.54 


18.45 


18.44 


18.57 


18.21 


18.15 


18.13 


12.31 


17.53 


18.40 


18.32 


18.44 


18.31 


18.35 


18.58 


18.24 


18.25 


50 




loy 


75 
a> 
c 
tz 

(Q 

o 

CO 


wavelength 
400 nm 


absorptivity 
(%) 


26.5 


26.8 


27.09 


36.5 


35.5 


36.1 


36.4 


35.78 


35.89 


35.88 


26.2 


36.1 


35.4 


36.0 


36.3 


36,0 


36.0 


36.3 


36.1 


36.1 


55 




(0 

< 

CO 


Material 




pure Ag 


AgPd 


AgPdCu 


AgPdTi 


AgPdCr 


AgPdTa 


AgPdIVIo 


AgPdNi 


AgPdAi 


AgPdNb 


AgAu 


AgAuCu 


AgAuTi 


AgAuCr 


AgAuTa 


AgAuNi 


AgAuMo 


AgAuPd 


AgAuAl 


AgAuNb 
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5 






wavelength 
565 nm 


absorptivity 
(%) 


4.24 


5.78 


6.43 


9.35 


9.91 


10.02 


10.36 


10.22 


9.34 


9.54 


4.98 


5.36 


9.87 


9.73 


10.02 


10.36 


10.25 


9.24 


9.58 


9.69 


10 






wavelength 
550 nm 


absorptivity 
(%) 


4.28 


5.80 


6.56 


9.47 


10.03 


10.14 


10.48 


10.33 


9.56 


9.66 


5,10 


5.48 


9.99 


9.85 


10.14 


10.48 


10.37 


9.36 


9.70 


9.81 


15 






wavelength 
500 nm 


absorptivity 

(%) 


3.21 


4.57 


5.30 


8.25 


8.82 


8.93 


9.27 


9.01 


8.36 


8.46 


3.82 


4.21 


8.78 


8.64 


8.93 


9.27 


9.16 


8.14 


8.48 


8.59 


20 






wavelength 
450 nm 


absorptivity 

(%) 


7.03 


8.83 


9.69 


12.51 


13.05 


13.16 


13.48 


13.37 


12.63 


12.74 


8.28 


8.65 


13.01 


12.88 


13.16 


13.48 


13.37 


12.40 


12.72 


12.83 


25 




Hi-R as-depo 


wavelength 
400 nm 


absorptivity 
(%) 


19.84 


22.15 


22.89 


25,29 


25.75 


25.85 


26.12 


26.01 


25.36 


25.46 


21.69 


22.00 


25.72 


25.61 


25.85 


26.12 


26.03 


25.20 


25.48 


25.57 


30 3 






wavelength 
565 nm 


absorptivity 
(%) 


2.25 


3.802 


4.49 


7.47 


8.04 


8.15 


8.50 


8.31 


7.49 


CO 


3.00 


3.39 


7.99 


7.86 


8.15 


8.50 


8.38 


7.35 


7.70 


7.81 


35 






wavelength 
550 nm 


absorptivity 
(%) 


2.35 


3.90 


4.68 


7,65 


8.22 


8.34 


8.68 


8.47 


7.75 


7.87 


3.19 


3.58 


8.18 


8.04 


8.34 


8.68 


8.56 


7.54 


7.88 


7.99 








wavelength 
500 nm 


absorptivity 
(%) 


2.57 


3.93 


4.67 


7,64 


8.21 


8.33 


8.67 


8.42 


7.63 


7.73 


3.18 


3.57 


8.17 


8.03 


8.33 


8.67 


8.56 


7.53 


7.87 


7.98 


45 






wave- 
length 450 
nm 


absorptivity 
{%) 


3.48 


5.34 


6.24 


9.16 


9.72 


9.84 


10.17 


10.07 


CO 
<J) 


9.38 


4.78 


5.16 


9.68 


9.54 


9.84 


10.17 


10.06 


9.05 


9.39 


9.50 


50 


o 

% 

O 

CM 


Hi-R anneal 


wavelength 
400 nm 


absorptivity 
(%) 


13.27 


15.77 


16.57 


19.17 


19.67 


19.77 


20.07 


19.85 


19.16 


19.25 


15.27 


15.61 


19.63 


19.51 


19.77 


20.07 


19.97 


19.07 


19.37 


19.47 


55 


in 
^ — 

CO 

o 

CM 

-E 


Material 




pure Ag 


AgPd 

1 


AgPdCu 


AgPdTi 


AgPdCr 


AgPdTa 


AgPdl^^o 


AgPdNi 


AgPdAI 


AgPdNb 


AgAu 


AgAuCu 


AgAuTI 


AgAuCr 


AgAuTa 


AgAuNi 


AgAuMo 


AgAuPd 


AgAuAi 


AgAuNb 
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5 



10 



15 



20 



25 



35 



50 



55 



o 
Id 

O 

CO 

o 

eg 


Hi-R as-depo 


wavelength 
565 nm 


absorptivity 
(%) 


9.24 


9.86 


9.98 


9.51 


10.10 


10.58 


9.87 


10.73 


9.27 


. 10.38 


r — 

wavelength 
550 nm 


absorptivity 
(%) 


9.36 


9.98 


10.10 


9.63 


10.22 


10.70 


9.99 


10.85 


9.39 


10.50 


wavelength 
500 nm 


absorptivity 

(%) 


8.14 


8.76 


8.89 


8.41 


9.01 


9.50 


8.78 


9.65 


8.17 


9.30 


wavelength 
450 nm 


absorptivity 

(%) 


12.40 


12.99 


CO 


12.66 


13.23 


13.70 


13.01 


13.84 


12.43 


13.50 


wavelength 
400 nm 


absorptivity 
(%) 


25.20 


25.71 


25.81 


25.42 


25,91 


26.31 


25,72 


26.43 


25.23 


26.14 


Hi-R anneal 


wavelength 
565 nm 


absorptivity 

{%) 


7.35 


7.98 


8.11 


7.63 


8.23 


8.73 


7.99 


8.88 


7.39 


8.52 


wavelength 
550 nm 


absorptivity 
(%) 


7.54 


8.16 


8.29 


7.81 


8.42 


8.91 


8.18 


9.06 


7,57 


8.70 


wavelength 
500 nm 


absorptivity 
(%) 


7.53 


8.16 


8.28 


7.80 


8.41 


8.90 


8.17 


9.05 


7.56 


8.69 


wave- 
length 450 
nm 


absorptivity 

(%) 


9.05 


9.67 


9.79 


9.32 


9.92 


10.40 


9.68 


10.55 


9.08 


10.20 


wavelength 
400 nm 


absorptivity 

(%) 


19.07 


19.62 


19.73 


19.31 


19.84 


20.27 


19.63 


20.40 


19.10 


20.09 


Material 




AgRu 


AgRuCu 


AgRuTi 


AgRuCr 


AgRuTa 


AgRuNi 


AgRulVIo 


AgRuPd 


AgRuAl 


AgRuNb 
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5 








wavelength 
565 nm 


absorptivity 
(%) 


5.02 


7.95 


8.89 


11.94 


12.53 


12.65 


13.00 


12.86 


11.96 


12.14 . 


7.36 


7.76 


12.48 


12.34 


12.65 


13.00 


12.88 


11.83 


12.18 


12.30 


10 








wavelength 
550 nm 


absorptivity 
(%) 


1.52 


4.57 


5.54 


8.71 


9.31 


9.44 


9.80 


9.65 


8.83 


8.92 


3.96 


4.37 


9.27 


9.12 


9.44 


9.80 


9.68 


8.58 


8.95 


9.07 


15 








wavelength 
500 nm 


absorptivity 
(%) 


1.77 


4.81 


5.78 


8.94 


9.54 


9.67 


10.03 


9.77 


9.07 


9.19 


4.20 


4.61 


9.50 


9.35 


9.67 


10.03 


9.91 


8.82 


9.18 


9.30 


20 








wavelength 
450 nm 


absorptivity 
(%) 


4.27 


7.23 


8.18 


11.26 


11.85 


11.97 


12.32 


12.21 




11.52 


6.64 


7.04 


11.80 


11.66 


11.97 


12.32 


12,20 


11.14 


11.49 




25 


CM 




ITO as-depo 


wavelength 
400 nm 


absorptivity 
(%) 


19.05 


21.55 


22.35 


24.95 


25.45 


25.55 


25.85 


25.74 


25.04 


25.14 


21.05 


21.39 


25.41 


25.29 


25.55 


25.85 


25.75 


24.85 


25.15 


25.25 


30 


Table 1 






wavelength 
565 nm 


absorptivity 
(%) 


1.82 


4.73 


5.66 


8.68 


9.27 


9.38 


9.73 


9.54 


8.64 


8.82 


4.15 


4.54 


9.22 


9.08 


9.38 


9.73 


9.62 


8.57 


8.92 


9.03 


35 








wavelength 
550 nm 


absorptivity 

(%) 


4.64 


7.47 


8.37 


11.31 


11.87 


11.99 


12.32 


12.11 




11.53 


6.90 


7.29 


11.83 


11.69 


11.99' 


12.32 


12.21 


11.19 


11.53 


11.65 










wavelength 
500 nm 


absorptivity 

(%) 


3.63 


6.49 


7.40 


10.37 


10.94 


11.05 


11.40 


11,15 


10.37 


10.46 


5.92 


6.30 


10.89 


10.76 


11.05 


11.40 


11.28 


10.25 


10.60 


10.71 


45 








wavelength 
450 nm 


absorptivity 
(%) 


4.87 


7.69 


8.59 


11.52 


12.09 


12.20 


12.54 


12.42 


11.66 


11.75 


7.13 


7.51 


12.04 


11.91 


12.20 


12.54 


12.43 


T — 


11.75 


11.86 


50 




rt - 


ITO anneal 


wavelength 
400 nm 


absorptivity 
(%) 


15.56 


18.06 


18.86 


21.46 


21.96 


22.06 


22.36 


22.14 


21.45 


21.54 


17.56 


17,90 


21.92 


21.80 


22.06 


22.36 


22.26 


21.36 


21.66 


21.76 


55 




ITO/Ag alii 


Material 




pure Ag 


AgPd 


AgPdCu 


AgPdTi 


AgPdCr 


AgPdTa 


AgPdIVIo 


AgPdNi 


AgPdAI 


AgPdNb 


AgAu 


AgAuCu 


AgAuTi 


AgAuCr 


AgAuTa 


AgAuNi 


AgAu Mo 


AgAuPd 


AgAuAl 


AgAuNb 
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[0084] Table 11 showed that optical absorptivity of the reflecting layer was reduced much more after annealing in 
th reflecting layer with the coating layer of the present invention than the reflecting layer without the coating layer. 
The In203-15 wt% NbjOg coating layer of the present invention in Table 11 had lower absorptivity than the SlOg coating 
layer in Table 10 and the ITO coating layer in Table 12. 

[0085] Table 1 3 showed that the optical characteristics of a . three-layer laminate that includes a base film, reflecting 
layer, and a coating layer after annealing at about 250 ''C were similar to those in Tables 9 to 12. The adhesion of the 
laminate was also as good as the laminate in Table 6. The three-layer laminate was superior In both optical charac- 
teristics and adhesion. 

[0086] The optical characteristics of the three-layer laminate was not impaired by through the use of the coating 
layer. On the contrary, when the coating layer including IngOg as a main component and 1-30 wt% Nb205 was used, 
reflection index was increased by 1 %-6 % and the absorptivity was lowered after annealing at about 250 °C In203. 
Table 14 showed that improved reflection index and good optical characteristics can be obtained even when the thinner 
coating layers are used. 



15 Table 13 





absorptivity 






In203-5wt% Nb205 


20 

r 

i 




® no heating 


© 150 °C 


(D 300°C 


566 


10.88 


10.24 


15.3 




564 


10.67 


10.04 


15.06 




550 


9.38 


8.829 


13.6 


25 


500 


7.104 


7.071 


8.297 




450 


13.42 


14.38 


7.922 




400 


26.96 


27.49 


19.93 


30 




ln2O3-10wt% NbsOg 




® no heating 


(D150^C 


@ 300 °C 




566 


11.13 


12.39 


13.11 




564 


10.91 


12.16 


12.88 


35 


550 


9.639 


10.71 


11.42 




500 


7.113 


7.166 


7.236 




450 


12.72 


11.8 


9.97 


1 


400 


27.29 


26.6 


24.28 






In203-15wt% NbgOs 






® no heating 


©150 °C 


@ 300 °C 




566 


15.97 


18.42 


20.29 


45 


564 


15.74 . 


18.17 


20.04 




550 


14.32 


16.69 


18.63 




500 


9.059 


10.57 


12.36 


50 


450 


7.363 


7.168 


7.21 




400 1 


17.19 


16,56 


13.33 



55 



47 



EP1 213 599 A2 



Table 14 

Change in reflection index of the reflecting layer with the change 



in thickness of the IngOg-i-NbsOs coating layer 



^^[^ckness 


5 nm 


49 nm 


70 nm 


74 nm 


A [nm] ^\ 


before 
heating 


after 
heating 


before 
heating 


after 
heating 


before 
heating 


after 
heating 


after 
heating 


556 


92.99 


91 


85.61 


88.68 


83.15 


91.32 


95.27 


554 


92.91 


90.85 


85.62 


88.69 


83.18 


91.29 


95.28 


652 


92.84 


90.74 


85.63 


88.67 


83.2 


91.39 


95.28 


550 


92.92 


90.74 


85.69 


88.72 


83.35 


91.5 


95.33 


500 


90.88 


87.82 


85.22 


88.37 


83.56 


91.47 


95.13 


450 


85.71 


79.83 


82.88 


85.02 


80.93 


87.77 


93.56 


400 


74.72 


70.22 


80.63 


84.96 


79.47 


85.35 


83.23 


^-tiuckness 
A [nm] 


85 nm 


90 nm 


100 nm 




before 
heating 


after 
heating 


before 
heating 


after 
heating 


before 
heating 


after 
heating 


556 


86.8 


93.4 


81.44 


91.28 


83.36 


91.97 


554 


86.78 


93.36 


81.47 


91-29 


83.3 


91.97 


552 


86C81 


93.37 


81.5 


91.39 


83.31 


92.04 


550 


86.89 


93.43 


81.61 


91.52 


83.39 


92.14 


500 


86.02 


92.98 


81.96 


92.18 


81.36 


92.04 


450 


81.58 


88.19 


78.5 


88.9 


71.91 


87.01 


400 1 


74.11 


81.17 


68 


82.7 


39.88 


70.18 



[0087] The present examples and embodiments are to be considered as illustrative and not restrictive and the in- 
V ntion is not to be limited to the details given herein, but may be modified within the scope and equivalence of the 
appended claims. 

[0088] The reader's attention is directed to all papers and documents which are filed concurrently with or previous 
to this specification in connection with this application and which are open to public inspection with this specification, 
and the contents of all such papers and documents are incorporated herein by reference. 

[0089] All of the features disclosed in this specification (including any accompanying claims, abstract and drawings), 
and/or all of the steps of any method or process so disclosed, may be combined in any combination, except combina- 
tions where at least some of such features and/or steps are mutually exclusive. 

[0090] Each feature disclosed in this specification (including any accompanying claims, abstract and drawings), may 
be replaced by altemative features serving the same, equivalent or similar purpose, unless expressly stated otherwise. 
Thus, unless expressly stated otherwise, each feature disclosed is one example only of a generic series of equivalent 
or similar features. 

[0091] The invention is not restricted to the details of the foregoing embodiment(s). The invention extend to any novel 
one, or any novel combination, of the features disclosed in this specification (including any accompanying claims, 
abstract and drawings), or to any novel one, or any novel combination, of the steps of any method or process so 
disclosed. 



Claims 

1. A reflecting layer comprising: 

Ag as a main component; 

a 0.1-3.0 wt% first element selected from the group consisting of Au, Pd, and Ru; and 

a 0.1-3.0 wt% second element selected from the group consisting of Cu, Ti, Cr, Ta, Mo, Ni, Al, Nb, Au, 
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Pd, and Ru. wherein the second element is different from the first element. 

2. The reflecting layer according to claim 1 , wherein the reflecting layer is formed by deposition. 

3. The reflecting layer according to claim 1 , wherein the reflecting layer is formed by sputtering. 

4. A laminate comprising: 

a substrate; and 

a reflecting layer deposited on the substrate, 

wherein the reflecting layer includes Ag as a main component, a 0.1-3.0 wt% first element selected from the group 
consisting of Au, Pd, and Ru, and a 0. 1 -3.0 wt% second element selected from the group consisting of Cu, Ti, Cr, 
Ta. Mo, Ni, Al, Nb. Au, Pd, and Ru; wherein the second element is different from the first element. 

5. The laminate according to claim 4, wherein the substrate is a resin substrate. 

6. The laminate according to claim 4, wherein the substrate is a glass substrate. 

7. A laminate comprising: 

a substrate; 

a base film deposited on the substrate, wherein the base film is made of at least one of Si, Ta, Ti, Mo, Cr, Al, 
ITO. Zn02. Si02, TlOg, TajOg. ZrOg. SnOg, NbgOg, or MgO; and 

an Ag-containing reflecting layer deposited on the base film. 

8. The laminate according to claim 7, wherein the reflecting layer includes pure Ag or binary Ag alloy. 

9. The laminate according to claim 7, wherein the reflecting layer includes Ag as a main component, a 0.1-3.0 wt% 
first element selected from the group consisting of Au, Pd, and Ru. and a 0.1-3.0 wt% second element selected 
from the group consisting of Cu, Ti, Cr, Ta, Mo, Ni. Al, Nb, Au, Pd. and Ru, wherein the second element is different 
from the first element. 

10. The laminate according to any one of claims 7 to 9 further comprising a coating layer deposited on the reflecting 
layer, wherein the coating layer includes IngOa as a main component and at least one of SnOg, NbgOg, SiOj, MgO 
and Ta205. 

11. The laminate according to any one of claims 7 to 9, 
wherein the substrate is a glass substrate. 

12. The laminate according to claim 7, wherein the base film is made of at least one of Si. Ta, Ti. Mo, Cr, or Al. 

13. The laminate according to claim 7. wherein the base film is made of at least one of ITO. Zn02. Si02, TiO^ TasOg 
Zr02, InjOa. Sn02, NbgOg, or MgO. 

14- The laminate according to claim 13, wherein the substrate is a resin substrate. 

15. A laminate comprising: 

• an Ag-containing reflecting layer; and 
a coating layer deposited on the reflecting layer, 

wherein the coating layer includes' InjOa as a main component and at least one of Sn02. NbgOg, Si02. MgO, and 
TajOg. 

16. The laminate according to claim 15, wherein the reflecting layer includes pure Ag or binary Ag alloy. 

17- The laminate according to claim 15. wherein the reflecting layer includes Ag as a main component, a 0.1-3.0 wt% 
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first element selected form the group consisting of Au, Pd. and Ru, and a 0.1-3.0 wt% second element selected 
from the group consisting of Cu. Tl, Cr, Ta, Mo, Ni, Al, Nb, Au, Pd, and Ru, wherein the second el ment is different 
from the first element. 

18. The laminate according to any one of claims 5. 8, and 15, wherein the laminate is building glass or a reflector or 
a reflective wiring electrode for a liquid crystal display device. 

19. A liquid crystal display device having the reflecting layer according to any one of claims 1 to 3. 

20. A liquid crystal display device having the laminate according to any one of claims 4 to 9. and 12 to 17. 

21. A liquid crystal display device having the liquid crystal display device according to claim 19 or claim 20. 
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Fig.1 
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